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CHAIMER  I 

^     XNIRODXTION  V' ■>    '^y.-  •  f 

Standazd  oost»  hava  b«an  typed  as  "benchmarks/*  "yard- 
•tidks,**  and  "gauges.**    Regardless  of  the  characterization  eaployed, 
the  key  point  is  that  standard  costs  are  predetemined  costs.  As 
such,  they  are  used  in  cost  control,  inventory  costing,  incwae  de- 
termination, and  pricing.    However,  a  review  of  the  literature  in  Hie 
area  of  cost  accounting  indicates  general  agreement  that  the  princi- 
pal function  of  standard  costs  is  cost  control. 

Periodically,  variances  are  isolated  by  c^paring  standard 
costs  with  costs  actually  incurred.    Ihese  variances,  in  turn,  can 
be  further  sid>divided  into  several  compomnts.    For  example,  cost 
accounting  texts  identify  price  and  usage  variances  in  connection 
with  materials,  rate  and  efficiency  variances  with  labor,  and 
•pending,  efficiency  and  volume  variances  with  overhead.^  Actual 
cost  control  is  achieved  by  identifying  and  eliminating  the  cause*, 
of  these  variances,    ^cently,  however,  a  number  of  deficiencies 
have  been  cited  in  connection  with  this  procedure. 


■Michael  Schiff  and  Lawrence  J.  Benningcr,  Cost  Accounting- 
(2nd  ed.  J  New  Yorki  Ronald  PSress  Co.,  1963),  Chapters  14 
and  15. 


Deficiencies  of  Traditional  Cost  Control  Procgdurat 


Ihe  priaaury  objection  is  that  all  variances  are  reported  to 
aanagement  without  any  indication  of  their  significance.*    Ihis  "de- 
terministic**^ approach  iaplies  that  each  variance  is  significant, 
and  therefore  requires  an  investigation  and  e3q>lanation.    Because  of 
tiae,  manpower  and  monetary  constraints,  however,  management  must 
rely  on  judgaent  and  experienM  in  evaluating  the  significance  of  a 
particular  variance.    As  a  result,  rules  of  thumb  aare  often  relied 
upon  to  identify  those  variances  irtiich  require  investigation. 
Bacamples  of  these  rules  include  relating  the  vauriance  to  a  subjec- 
tively  predetermined  dollar  amount  or  percentage  of  standard  cost. 
Ihe  deficiency  of  such  criteria  is  that  they  ignore  the  possibilty 
that  variances  may  be  the  result  of  purely  ''stochastic'*  elements. 

Other  deficiencies  associated  with  the  deterministic  ap- 
proach stem  from  the  reliance  upon  periodic  reports.  The  common 
practice  of  reporting  variances  at  month  end  frequently  leads  to 
barren  investigations.  The  greater  the  time  lapse  between  the  oc- 
currence of  a  variance  and  its  disclosure,  tibe  more  difficult  it 
becomes  to  isolate  the  reason  for  the  variance.^ 


^Charles  T.  Horngren,  Cost  Accounting.  A  Managerial  Emphasis 
(Bnglewood  Cliffs,  N. J.  t  Prentice-Hall.  Inc.,  1967),  p.  802. 

^Z.  S.  Zannetos  refers  to  the  listing  of  all  variances  as 
''deterministic'*  because  it  does  not  recognise  a  distribu- 
tion around  the  standard.     See  Z.  S.  Zannetos,  ''Mathematics 
as  a  Tool  of  Accounting  Instruction  and  Research,  '*  Ihe  Ac- 
counting Review.  Vol.  XXXVIII  (April,  1963),  pp.  326-335; 
and  "Standard  Costs  as  a  First  Step  to  Probabilistic  Con- 
trol! A  Theoretical  Justification,  an  Bxtenslon  and  Impli- 
cations," The  Accounting  Review.  Vbl.  XXXIX  (April,  1964), 
pp.  296-304. 


'horngren,  op.  cit. ,  p.  802. 


A  related  probl«B  is  that  of  aggregation.    Because  the  per> 
fomance  report  typically  covers  an  extended  time  period  such  as  a 
week  or  month,  variances  taking  place  during  this  time  are  fre- 
quently consolidated.    Investigation  decisions  are  then  made  on  the 
basis  of  reported  net  variances.    This,  in  turn,  gives  rise  to  the 
possibility  that  significant  favorable  and  unfavorable  variances 
will  be  offset  and  an  opportunity  for  cost  reduction  overlooked. 
If,  en  the  ether  hand,  a  net  variance  is  considered  significant,  the 
problem  of  isolating  the  significant  components  of  this  variance  re- 
mains. 

Homgren  sinaearises  the  peinlsas  fbllemst 

This  combination  of  delayed  reporting  and  cost  accu- 
mulations that  represent  a  congloneration  of  differ- 
ent operations  makes  it  difficult  to  find  causes  for 
variances  and  to  trace  causes  for  them  belom  the 
foreman  level  to  individvial  machines,  men  and  mater- 

Probabilistic  Controls 

In  an  effort  to  overcome  these  deficiencies,  a  number  of 
writers  in  the  recent  accounting  literature  have  recommended  that 
probabilities  be  utilised  in  the  formulation  of  a  variance  investi- 
gation decision  rule.  ^    The  importance  of  the  use  of  probabilities 


^Ibid. .  p.  802. 

^or  example*  Harold  Bierman,  Jr.,  Lawrence  B.  Fouraker  and 
Robert  K.  Jaedicke,  ''A  Use  of  Probability  and  Statistics 
in  Performance  Evaluation,  *'  The  Accounting  Review.  Vol. 
XXXVI  (July,  1961),  pp.  409-417.     F.  S.  Luh,  "Controlled 
Costt  An  Operational  Concept  and  Statistical  Ai^roach  to 
Standard  Costing,"  The  Accounting  Review.  Vbl.  XLIII  (Ja- 
nuary, 1968),  pp.  123-132.     Hohamed  Onsl,  '*Quantitative 
Models  for  Accounting  Control, "  The  Accounting  Review.  \)bl. 
XLII  (April,  1967),  pp.  321-330. 
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li«s  in  the  fact  that  they  provide  an  objective  criterion  which  can 
be  need  to  distinguish  between  significant  and  insignificant  vari- 
ances.   Ihe  basis  for  this  distinction  is  the  explicit  reco9>ition 
of  the  role  of  "chance**  in  perfmcaance. 

Experience  has  shown  that  the  tiM  required  to  perfora  a 
specific  operation  varies  under  what  appear  to  be  essentially  simi- 
lar conditions.    Such  variation  is  the  result  of  a  complex  set  of 
causes,  no  one  of  which  can  be  isolated  as  being  primarily  respon- 
sible for  the  variation.    Recognition  of  this  concept  leads  to  the 
realisation  that  some  variation  in  performance  is  inevitable,  and 
that  such  variation  need  not  be  investigated.    On  the  other  hand, 
•CNW  variations  in  performance  are  not  due  to  chance  and  can  be 
traced  to  specific  causes  known  as  **assignable  causes.**    By  defini- 
tion, these  can  be  identified  and  eliminated. 

The  objective  of  probabilistic  control  is  to  distinguish 
between  these  two  types  of  variation.^    Only  those  variations 
stemming  frcn  assignable  causes  are  considered  significant  and 
therefore  in  need  of  investigation.    Ihe  opposite  applies  to  chance 
variation.    Ihe  significance  determination  is  fluide  by  considering 
the  probability  that  a  given  variation  is  the  result  of  chance  fac- 
tors; hence,  the  term  probabilistic  control. 

In  addition  to  providing  an  objective  significance  criter- 
ion, probabilistic  controls  eliminate  the  ether  deficiencies  noted 
as  associated  with  the  deterministic  approadh,  namely,  lack  of  time- 
liness and  aggregation.     These  are  eliminated  because  random 

^Robert  W,  Koehler,  ••The  Relevance  of  Probability  Statistics 
to  Accounting  Variance  Control,"  Management  Accounting. 
Vol.  L  (October,  ig68),  p.  37. 


s 

•ampling  during  the  production  cycle  ia  used  aa  the  vehicle  for 
identifying  problem  areae.    Such  identification  on  a  current  basis 
provides  the  opportunity  for  current  cost  control. 

Weed  for  This  Studv  and  Its  Purpose 

The  benefits  to  be  derived  from  a  recospiition  of  the  sto-  — ^ 
chastic  elements  inherent  in  a  productive  process  have  been  pre- 
sented in  the  accounting  literat\ire.    However,  there  are  very  few 
references  in  this  literature  to  the  actual  utilisation  of  probabi- 
listic variance  controls  in  connection  with  the  current  output  of  a 
productive  operation.®    This  is  supported  by  the  findings  of  R.  W. 
Xoehlert 


In  some  general  inquiry  from  stxam  prominent  cor- 
porations I  was  unable  to  find  a  single  use  of  sta- 
tistical procedures  for  variance  control.'' 

Accordingly,  the  purpose  of  this  study  is  twofold! 

1.    To  explore  the  possibility  of  utilising  probabilities 

for  cost  control  in  the  A.  O.  Smith  Corporation,  Mil- 

wmukee,  Wisconsin) 


®It  should  be  noted  that  th«re  is  a  considerable  body  of 
literature  concerning  probabilistic  controls  stemming  es- 
pecially from  the  areas  of  statistics  and  engineering. 
This  literature  contains  both  theoretical  expositions  and 
reports  on  empirical  studies.    Up  until  recently,  however, 
the  stress  of  these  writings  was  to  a|^ly  probabilities  in 
a  narrow  fashion  to  problems  of  control.     For  example,  con- 
trol charts  were  applied  to  the  problems  of  defects,  and  if 
defects  were  within  stipulated  limits  a  situation  under 
control  was  assumed.    Although  modern  writers  envisage  a 
broader  usage  of  probabilities,  it  is  curious  that  Richard 
M.  Duvall,  writing  in  the  June,  1967,  Management  Science  on 
'*Rules  for  Investigating  Cost  Variances, "  Vol.  13,  pp. 
b631-b641,  cites  a  number  of  accounting  writers  in  support 
of  his  argumentation. 

^Koehler,  0£.  cit. ,  p.  35. 


2.    To  test  th«  feasibility  of  utilising  probabilistic 
standard  costs  in  the  A.  O.  Smith  Corporation. 

Methodology  Baployed 

Because  tite  basic  assumption  to  be  tested  in  this  study  is 
that  a  probabilistic  model  can  be  made  operational,  the  cooperation 
of  a  manufacturing  firm  was  a  prerequisite.    Consequently,  the  empi- 
rical portion  of  this  study  ^as  conducted  at  the  A.  O.  Smith  Cor- 
poration, Milwaukee,  Wisconsin.    This  corporation  was  selected  be- 
cause of  its  varied  product  line  and  diversified  operations. 

Initially,  consideration  was  given  to  the  data  available  for 
the  development  of  a  probabilistic  model  and  the  ability  of  the 
firm's  cost  control  system  to  generate  the  data  necessary  for  the 
continuing  operation  of  the  model.    On  the  basis  of  this  information 
a  specific  probabilistic  control  model  was  then  selected  for  utili- 
sation.   In  order  to  obtain  the  input  required  by  the  model,  daily 
random  samples  of  actual  labor  cost  were  taken  by  the  writer  and  the 
company  budget  analyst  during  November  and  December,  1968.  Bach 
sample  observation  consisted  of  the  actual  cost  of  performing  the 
operation  in  question,    this  cost,  in  turn,  was  obtained  in  two 
steps.    First,  the  automatic  counter  attached  to  the  machine  was 
diecked  at  irregular  intervals  and  a  notation  was  made  of  the  time 
taken  to  perform  the  operation  on  the  required  number  of  pieces. 
Ihe  actual  labor  cost  was  then  read  from  a  table  prepared  esqpressly 
for  this  purpose.     In  all,  568  such  individual  observations  covering 
three  operations  were  made  during  tiie  cotirse  of  the  study.  Closely 
associated  with  the  empirical  phase  of  this  study  was  library 


r«Mareh  conducted  at  th«  ltaiv«rsity  of  Florida  and  at  Marqu«tt« 
Oliver  aity* 

Plan  of  the  Study 

A  deseriptimi  of  the  salient  feature*  of  the  A.  O.  daith 
Corporation**  traditional  t3rpe  of  standard  cost  control  system  is 
presented  in  the  following  chapter,     this  inclusim  serves  as  a  base 
against  which  the  results  obtained  fron  the  probabilistic  model  can 
be  compared. 

Chapter  III  is  devoted  to  a  discussion  of  a  n\imber  of  proba- 
bilistic models  suggested  for  use  in  cost  control.    Bach  such  model 
is  evaluated  in  terms  of  its  potential  for  application  to  the  A.  O. 
Smith  Corporation.    On  the  basis  of  this  evaluation  a  model  «»s  se- 
lected  for  implementation. 

Ihe  actual  implementation  of  the  probabilistic  model  se- 
lected is  described  in  Chapter  IV.    As  such,  it  includes  a  discus- 
sion of  the  source  of  the  data  used  in  the  formulation  of  the  model, 
the  problems  encountered,  the  decisions  made  during  ia^lementation, 
and  the  results  obtained. 

A  modification  of  the  probabilistic  model  originally  se- 
lected is  presented  in  Chapter  V.    Ihe  primary  reason  for  this  al- 
teration was  to  secure  the  support  of  the  first-line  supervisors. 
However,  the  revised  model  represents  an  alternative  a^^preach  to 
cost  control.    Accordingly,  the  chapter  concludes  with  a  eoeparison 
of  the  results  obtained  from  the  model  before  and  after  its  modifi- 
cation. 


In  Chapter  VI  selected  criteria  are  identified  and  utilised 
to  evaluate  the  probabilistic  controls  wiployed.  In  the  process  of 
evaluation  each  of  the  criteria  is  applied  to  both  the  traditional 
ooet  ocmtrol  eystea  employed  by  the  fin>  and  the  probabilistic  con- 
trols. Fiiuilly,  in  Chapter  VXI,  the  conclusions  energing  fron  this 
study  are  presented. 


CHAPIBS  II 

A.  O.  SNIIH  OORPORAXION  a>ST  OONXROL  SYSTEM 

Operation  of  Traditional  Control »  ' 

This  chapt«r  is  concerned  with  the  cost  control  system  cur- 
rently operated  by  the  A,  0,  Saith  Corporation  and  its  ability  to 
generate  the  data  necessary  for  the  formulation  of  a  probabilistic 
cost  control  model.     The  plan  of  this  chapter  is  first  to  describe 
the  cost  control  environment  of  the  company,  and  second  to  indicate 
its  utilization  by  the  writer  in  acc<»iplishing  his  research. 

The  A.  a  Smith  Corporation  is  a  diversified  manufacturing 
firm  which  reported  sales  of  $330  million  during  1967.^    The  firm  is 
organised  into  four  operating  groups t  Contract  Products,  Consumer 
Products,  Industrial  Products,  and  International  and  Special  Pro« 
ducts.  ^    Bach  group,  in  turn,  is  subdivided  into  operating  divisions 
of  which  there  are  twelve  in  number. 

Pbllowing  several  meetings  with  representatives  of  manage- 
ment, it  was  decided  that  the  automotive  division  would  be  a  suit- 
able area  for  the  introdiiction  of  probabilistic  cost  controls.  The 
bulk  of  the  division  is  located  at  the  Milwaukee  Works.    As  the  name 
implies,  the  output  of  the  division  is  limited  to  automotive 


A.  O.  Smith  Corporation,  1967  Annual  Report. 
^Ibid. .  p.  2. 
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components,  including  automobile  frames  and  wheel  suspension  control 
3 

arms. 

In  this  division  several  departmental  performance  reports 
are  prepared  on  a  weekly  basis.    At  month  end  these  reports  are  con- 
solidated into  a  divisional  performance  report.    A  discussion  and 
description  of  the  system  which  generates  data  for  these  reports 
followt 

Standard  Material  Cost 

The  standard  material  cost  applicable  to  a  particular  part 
number  has  four  components.     The  first  is  the  list  price  of  the  coil 
steel  used  in  the  part.    This  is  based  upon  an  engineering  layout  of 
the  sheet  from  which  the  blank  is  drawn.    Added  to  this  is  a  pro- 
portionate share  of  the  cost  of  freight-in.     Then  a  deduction  is 
made  for  the  salvage  value  of  the  steel  remaining  after  blanking. 
Finally,  a  charge  is  added  for  work  done  in  the  material  preparation 
department.     Depending  on  the  part  nvuaber  involved,  this  may  include 
the  cost  of  decoiling  the  steel,  cutting  it  to  length,  and  pickling, 

A  material  price  variance  is  isolated  at  the  time  the  mater- 
ial is  purchased.     Responsibility  for  this  variance  rests  with  the 
purchasing  department.     In  addition,  a  material  usage  report  is  pre- 
pared each  month.     Included  in  this  report  is  a  usage  variance  com- 
puted for  each  part  number.     These  variances,  in  turn,  are  combined 
and  a  net  variance  is  presented  for  each  product  line.     The  final 
consolidation  is  at  the  divisional  level. 


3lbid. ,  p.  25 
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B«caus«  «ach  r«port«d  usage  variance  represented  a  consoli- 
dation of  the  previous  0K>nth*s  activity,  several  management  repre- 
sentatives were  queried  as  to  the  criteria  used  to  distinguish  be- 
tiHten  significant  and  insignificant  variances.     Ihe  variety  of 
responses  to  this  question  served  to  indieate  the  absence  of  pre- 
viously specified  criteria.    Some  supervisory  personnel  relied  upon 
a  comparison  of  current  and  past  performance,  while  others  mere  in* 
terested  in  the  variance  as  a  percentage  of  standard.     Even  those 
who  cited  percentage  of  standard  as  the  applicable  criterion  failed 
to  agree  on  idiat  constituted  a  sisiiificant  variance.    In  fact,  the 
responses  ranged  from  2  per  cent  to  10  per  cent  of  standard. 

Standard  Manufacturing  Overhead  Rates 

Ibe  company  calculates  standard  variable  and  fixed  overhead 
rates  each  year.    Both  are  applied  on  the  basis  of  standard  direct 
labor  dollars  earned. 

Bach  year  the  departmental  foreman,  assisted  by  the  budget 
analyst,  estimates  the  variable  expenses  to  be  incurred  by  the  de-  . 
partment  during  the  coming  year.    These  estimates  are  based  on  the 
projected  production  schedule.    A  standard  variable  overhead  rate  is 
then  calculated  for  each  functional  cost  classification  by  dividing 
the  estimated  variable  costs  by  estimated  departmental  direct  labor 
dollars.    When  added  together  these  individual  rates  yield  a  stan- 
dard variable  overhead  rate  which  is  used  for  product  costing. 

Ihe  standard  fixed  overhead  rate  is  obtained  by  dividing  es- 
timated total  fixed  overhead  by  the  total  estimated  direct  labor 
dollars. 


it 

During  th«  y«ar  a  departmental  overhead  expense  report  is 
prepared  each  week.    Included  in  thie  report  are  alloivable  expenses 
based  on  the  level  of  activity  attained  as  well  as  the  actual  ex- 
penses incurred.    A  variance  is  then  reported  for  each  cost  classi- 
fication.   .   .         ■  .'  ,  .  ^  ^  '  ■ 

,     At  the  end  of  each  month,  these  individual  variances  are 
combined  and  a  net  departmental  variance  is  reported.    Finally,  the 
net  departmental  variances  are  consolidated  into  a  divisional  over- 
head variance. 

Upon  investigation  it  became  af^parent  that  a  problem  similar 
to  the  one  encountered  in  connection  with  material  cost  control 
existed  with  respect  to  overhead.    Xhis  was  the  absence  of  a  vari- 
ance investigation  decision  rule.    In  fact,  it  appeared  that  only 
the  monthly  net  departmental  overhead  variance  was  the  object  of  the 
foreman's  concern.    Ihe  individual  weekly  variances  were  reviewed 
only  if  the  monthly  net  variance  exceeded  some  subjectively  pre- 
determined amount.    A  subsequent  attempt  to  identify  this  amount 
proved  to  be  fruitless. 

Standard  Direct  Labor  Cost  and  Related  Ccwiputations 

The  focal  point  of  standard  direct  labor  cost  is  the  "stan- 
dard hour,**  which  is  defined  as  the  allotted  time  for  the  production 
of  a  specified  number  of  pieces.^    Ihe  time  per  piece  or  per  100 
pieces  is  established  by  the  Industrial  ttigineering  Department  using 
work  measurement  procedures.    This  unit  of  measurement  is  central  to 


'a.  O.  Smith  Corporation,  Factory  Cost  and  Labor  Controls. 
p.  3, 
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the  system  because  it  serves  as  the  basis  of  employee  compensation, 
labor  controls,  and  the  standard  inventory  rate. 

To  determine  the  earnings  of  an  employee  on  a  given  opera- 
tion the  following  information  is  requiredt 

1.  Work  measurement  standard!  the  allotted  time  stated  in 
decimal  parts  of  an  hour  per  piece  or  per  100  pieces. 

2.  Base  ratet  the  hourly  rate  expressed  in  dollars  which 
is  paid  to  the  employee  for  each  productive  hour  earned. 

The  actual  ccmputation  of  employee  earnings  is  accomplished 
in  two  steps.    Earned  hours  is  the  product  of  the  work  measurement 
standard  and  the  number  of  pieces  produced.     Total  earnings  is  the 
product  of  earned  hours  and  the  base  rate.    For  example,  if  an 
operator  produces  1,000  pieces  and  the  work  measurement  standard  is 
.5,  then  earned  hours  is  equal  to  1,000  x  .5/100  or  5.    Given  a  base 
rate  of  $2.00,  the  operator's  earnings  would  be  $2.00  x  5  or  $10.00. 

The  basic  payroll  calculations  can  be  modified  to  yield 
several  measures  which  serve  as  controls.    One  of  these  controls  is 
known  as  "Percent  Performance.        By  dividing  earned  hours  by  the 
hours  spent  on  production,  the  productivity  of  an  individual  can  be 
evaluated  on  those  operations  to  which  work  measurement  standards 
have  been  applied.     If  the  operator  in  the  preceding  example  had 
spent  four  hours  on  the  oi>eration,  his  per  cent  performance  would 
have  been  5/4  or  125  per  cent. 

Another  measure  used  for  control  is  "Percent  on  Measured 
Work. "*    By  comparing  clock  hours  with  the  time  spent  on  measured 


^Ibid. .  p.  11. 
^Ibid. .  p.  12 
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work,  tb«  utilisation  of  productiva  eaploy««8  can  b«  evaluated. 
Closely  related  to  per  cent  on  aeasured  work  Is  the  **Utlli2ation 
Ratio, which  ccmpares  clock  hours  with  earned  hours. 

Ihe  frase  of  reference  in  each  of  the  above  ateasures  is 
tlM.    Ihe  other  possibility  is  to  ssasure  perforaance  in  terns  of 
dollars.    Standard  inventory  rates  are  obtained  by  converting  the 
work  aeasureoient  standards  into  nwnetary  units.    These  rates  repre- 
sent standard  labor  costs,  by  part  nunber  and  operation. 

A  saaple  ''perforaance  report**  portraying  actual  and  standard 
labor  costs,  as  wall  as  variances,  is  given  in  lable  1.    Ihis  report 
is  prepared  weekly  for  the  preceding  week  and  is  distributed  to  the 
4ipartatental  foresMin  and  budget  analysts.    It  is  the  joint  responsi- 
bility 9i  the  foreauin  and  the  budget  analyst  in  each  department  to 
identify  those  operations  which  require  investigation.    Once  again, 
however,  individual  variances  are  investigated  only  if  the  net  de- 
par  tnental  variance  appears  out  of  line.    Here,  too,  the  question  of 
applicable  criteria  could  not  be  resolved. 

An  additional  report  (not  illustrated)  is  prepared  nonthly 
at  the  divisional  level.     Ihe  reported  figure  r^resents  a  consoli- 
dation of  the  net  variances  reported  by  each  departaent  in  the  divi- 
sion.   In  this  case  the  relationship  of  the  reported  variance  to 
that  of  the  previous  nonth  appeared  to  be  the  primary  consideration 
in  evaluating  its  significance. 


7lbid. .  p.  14 
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Cost  Blemnt  Selected  for  Study 


If  it  is  to  be  useful,  a  probabilistic  control  aodel  should 
be  applicable  to  as  aany  costs  as  possible.    Accordingly,  any  en*  of 
the  cost  elements  previously  discussed  could  have  been  selected  for 
this  study.    The  classification  actually  chosen  was  labor  cost. 

By  virtue  of  this  selection,  attention  was  not  restricted  to 
a  saall  nuaber  of  departments  as  would  have  been  the  case  had  mater- 
ial cost  been  selected.    Instead,  it  was  possible  to  apply  the  model 
to  a  variety  of  operations.    In  addition,  daily  random  samples  of 
labor  cost  could  readily  be  taken.    Finally,  the  ixifluence  of  chance 
factors  on  performance  can  be  easily  demonstrated  in  this  context. 
As  previously  indicated,  it  is  the  behavior  of  these  factors  which 
serves  as  the  basis  for  the  formulation  of  a  variance  investigation 
decision  rule. 

Heasure  of  Pgrformance  Selected  for  Study 

After  labor  cost  had  been  selected  as  the  cost  element  of 
interest,  it  was  still  necessary  to  identify  the  measure  of  perform- 
ance to  be  used  in  the  probabilistic  control  model.    In  this  con- 
nection several  measures  of  performance  could  have  been  utilised. 
Smmm  includet 

1.  Ihe  actual  time  to  perform  an  operation  on  a  single 
piece  or  some  multiple  thereof, 

2.  Ihe  actual  labor  cost  of  performing  an  operation  on 
a  single  piece  or  sane  multiple  thereof, 

3.  The  variance  between  actual  labor  performance  and 
standard  measured  in  terms  of  time, 
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4,  Ib«  varianc«  b«t«een  actual  and  standard  labor  cost 
■easursd  in  dollars, 

5.  Ihe  percentage  of  variance  using  either  a  tinie  or 
dollar  base. 

For  the  purpose  of  this  study  the  actual  labor  cost  of  per- 
fornance  was  selected.    A  primary  factor  responsible  for  this 
choice  was  the  ready  availability  of  the  data  necessary  for  the  for- 
aulation  of  a  probabilities  control  nmdel.    As  a  result,  no  sajor 
aodification  of  the  existing  cost  control  system  was  necessary  in 
order  to  ImpleMnt  probabilistic  labor  cost  controls  on  a  selective 
basis. 

Another  consideration  was  the  familiarity  of  operating  per- 
sonnel with  reports  east  in  monetary  terms.    Accordingly,  the  se- 
lection of  actual  labor  cost  required  a  minimum  of  employee  orienta- 
tion to  the  use  of  probabilistic  controls.    Ihe  importance  of  this 
factor  will  be  enhanced  at  the  time  consideration  is  given  to  the 
adoption  of  probabilistic  cost  controls  on  a  plant-wide  basis.  Fur- 
thermore, in  so  far  as  this  study  is  concerned,  it  minimised  to  the 
extent  possible  demands  on  firm  personnel. 

Finally,  actual  labor  cost  provides  the  possibility  of  giving 
substance  to  an  alternative  interpretation  of  standard,  that  is,  the 
definition  of  standard  as  the  level  of  performance  under  conditions 
of  control.  8   An  outgrowth  of  the  probabilistic  model  will  be  to 

^Ihis  approach  was  first  brought  to  the  writer's  attention 
by  Dr.  L.  J.  Benninger  of  the  University  of  Florida  during 
a  discussion  of  the  various  interpretations  of  the  concept 
of  standard.     Dr.  Benninger  applies  his  concept  to  ex- 
pected average  performance  under  conditions  of  control  for 
an  annual  fiscal  period. 
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identify  th«  standard  coat  of  an  oparation  as  the  flMan  of  the  actiaal 
labor  cost  under  controlled  conditions.    This  follows  froa  the  fact 
that  one  of  the  purposes  of  identifying  the  performance  distribution 
associated  with  an  operation  is  to  delineate  tb*  Maning  of  condi- 
tions of  control. 

Operations  Selected  for  Investigation 

Initially,  three  departments  were  randomly  selected  from  the 
grou^  comprising  the  automotive  division.    Because  departments  re- 
inr«M«t  a  grouping  of  similar  operations,  more  than  one  department 
was  included.    This  provided  the  opportunity  to  apply  the  probabi- 
listic model  to  a  variety  of  operations.    For  purposes  of  identifi- 
cation these  departments  will  simply  be  referred  to  as  #1,  #2,  and 
#3. 

One  operation  was  then  randcmly  selected  from  within  each 
department.    Ihis  was  accomplished  by  numbering  all  the  operations 
in  each  department  and  using  a  table  of  random  numbers  to  make  the 
selection. 

The  final  delimitation  involved  the  selection  cf  part  num- 
bers associated  with  each  operation.    Ihe  random  number  table  could 
not  be  utilised  in  this  case  because  not  all  part  numbers  were  being 
run  at  the  time  this  study  was  being  conducted.    Therefore,  with  the 
aid  of  the  production  scheduling  section,  those  parts  which  were 
being  produced  during  November  atnd  vdiich  would  be  produced  during 
December  were  isolated.    Part  numbers  were  then  randMaly  selected 
from  this  list. 

Ihe  most  noteworthy  aspect  of  the  cost  control  system  cur- 
rently utilised  by  the  A.  O.  Smith  Corporation  is  the  absence  of 
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baaic  varianca  inv«atigation  daciaion  rulea.    Waakly  and  aonthly  x«- 
porta  are  prepared  for  each  coat  eleaent)  yt,  aa  indicated  earlier 
in  the  chapter,  varloua  rulea  of  thumb  are  relied  upon  to  determine 
those  variances  in  need  of  investigation.    Ihia  aituation  is  further 
complicated  by  ttie  fact  that  theae  rules  vary  with  the  individual 
involved.    This  mas  illustrated  by  the  assertion  of  one  supervisor 
id)o  claimed  a  variance  mas  significant  if  it  exceeded  10  per  cent  of 
standard.    A  second  supervisor  cited  2  per  cent  as  the  cut>off  point 
for  the  same  cost  element.    Ihis  deficiency  led  to  a  consideration 
of  probabilistic  control  models  which  provide  decision  rules.  Iheee 
models  are  discussed  and  analysed  in  the  next  chapter. 


CHAPTBR  III 


AUBRNAXIW  PROBABIUSXIC    CDNXROL  MOOBLS 

f 

I 

Several  probabilistic  control  models  have  been  presented  in 
the  accounting  literature.    In  each  case  the  objective  was  to  uti- 
lise probabilities  in  the  fomulation  of  variance  investigation  de- 
cision  rules.    These  models  were  reviewed  and  given  careful  consid- 
•ratloa    in  the  course  of  this  study.    Ihis  chapter  details  the 
writer's  analysis  of  them  and  presents  his  basis  for  the  selection 
of  one  of  them  for  use  in  experimentation  at  the  A.  O.  Smith  Cor- 
poration. 

Control  Chart 

One  of  the  first  probabilistic  models  suggested  for  the  pur- 
pose of  cost  control  was  the  "control  chart"  originally  developed  in 
the  area  of  quality  control.    Hhile  there  are  several  types  of  con- 
trol charts,  each  is  based  on  an  "objective**  interpretation  of  prob- 
ability.     Therefore,  before  evaluating  a  control  chart  as  a  proba- 
bilistic model,  the  content  of  the  objective  interpretation  will  be 
considered. 

Objective  Interpretation  of  Prcbabllity 

The  theory  of  probability  is  a  mathematical  theory  and,  as 
such,  is  made  up  of  a  set  of  logical  deductions  from  certain  basic 
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assumptions.  ^    This  theory  is  concerned  with  the  relationships  among 
assigned  probabilities  as  well  as  the  consequences  of  these  assign- 
ments and  not  with  the  selection  of  events  and  the  method  of  assign- 
ing probabilities  to  the  events  selected. 

Whether  or  not  a  probability  should  be  assigned  to 
an  event  and  how  this  probability  may  be  assessed 
are  empirical,  not  mathematical  questions.    As  far 
as  mathematics  is  concerned,  the  assignment  of  pro- 
babilities to  the  events  of  a  sample  space  is  arbi* 
trary.  2 

According  to  the  objective  interpretation,  probability  is 

synom>mous  with  long-run  frequency.     In  this  view  probabilities  may 

be  assigned  only  to  those  events  which  are  random  in  nature,  and  the 

probabilities  assigned  to  such  events  are  based  on  frequency  ratios 

which  converge  on  definite  values.  . 

Objectivistic  views  hold  that  some  repetitive 
events,  such  as  tosses  of  a  penny,  prove  to  be  in 
reasonably  close  agreement  with  the  mathematical 
concept  of  independently  repeated  random  events, 
all  with  the  same  probability.    According  to  such 
views,  evidence  for  the  quality  of  agreement  be- 
tween the  behavior  of  the  repetitive  event  and  the 
mathematical  concept,  and  for  the  magnitude  of  the 
probability  that  applies  (in  case  any  does),  is  to 
be  obtained  by  observation  of  scnne  repetitions  of 
the  event,  and  from  no  other  source  whatsoever. ^ 

Ihe  repetitive  process  (the  tossing  of  the  coin)  which  gene- 
rates the  observed  event  (the  face  of  the  coin)  is  known  as  a  sto- 
chastic process.    Ihe  observed  event,  in  turn,  is  a  stochastic. 


Robert  Schlaifer,  Probability  and  Statistics  for  Business 
Decisions (Hew  Yorkt  McGraw-Hill  Book  Co.,  Inc.,  1959), 
p.  15.  - 

^Chris  A.  Theodore,  Applied  Mathematics >  An  Introduction 
(Homewood,  Illinoist  Richard  D.  Irwin,  Inc. ,  1965),  p.  529, 


Leonard  J.  Savage,  The  Foundations  of  Statistics  (New  Yorki 
John  Wiley  &  Sons,  Inc. ,  1954) ,  p.  3. 


chance  or  random  variable.^    Ihua,  a  stochastic  process  is  a  repet- 
itive process  '*vAiieh  generates  outcomes  which  are  not  identical  and 
not  individxially  predictable  with  certainty,  but  which  may  be 
described  in  terms  of  relative  frequencies. It  is  these  relative 
frequencies  which  bec(»e  probabilities  under  the  objective  interpre- 
tation. 

Plowing  txam.  this  Intorpacetation  of  peobability  is  a  paxtic- 

ttlarised  form  of  decision-aaking.    tn  essence,  this  approadti  att«q>ts 

to  readi  a  decision  "purely  on  the  basis  of  the  objective  evidence, 

givtn  certain  prespecified  risks  of  vcxox  that  tb«  individual  !• 

willing  to  accept."     However,  the  procedure  is  rastricted  by  the 

available  objective  evidence. 

Since  in  the  great  majority  of  practical  problems 
,    involving  samples,  the  only  long-run  frequency  dis- 
tributions which  are  known  with  certainty  are  the 
conditional  distributions  of  sample  statistics  , 
given  specified  values  of  the  parameters  of  the  |.  . 

.  population  from  which  the  sample  is  drawn,  this  ,  .  .  , 

sdhool  developed  procedures  for  reaching  decisions      '  " 
..    under  uncertainty  by  looking  only  at  these  condi-  ^ 
tional  distributions.  7  '  ' 

Control  Chart  as  a  Probabilistic  Model  , 


The  control  chart  is  a  probabilistic  control  model  based  on 
the  preceding  statistical  reference  frame.    Zt  is  a  probabilistic 


^Samuel  B.  Richmond,  Statistical  Analysis  (New  Yorki  The 
BOMad  Ptess  Company,  1964),  p.  102. 

*lbid..  p.  102. 

*Jack  Hirshleifer,  "Ihe  Bayesian  Approach  to  Statistical  De- 
cision, An  exposition,"  The  Journal  of  Business.  \bl.  XXXIV 
(October,  1961),  p.  472. 

'^Schlaifer,  o£.  clt . ,  pp.  606-607. 


modol  because  explicit  consideration  is  given  to  the  effect  of 
chance  factors  on  perforaance.  ■■■■  ,^ 

Stated  succinctly,  chance  affects  s<»Be  variance 
classifications;  probability  statistics  evaluates 
patterns  of  chance  occurrences;  therefore,  proba- 
bility statistics  is  useful  to  analyze  those  va*- 
liftiMC':  affected  by  chance.^ 

In  essence,  the  control  chart  seeks  to  distinguish  between 
chance  and  assignable  perforaance.    In  order  to  aake  this  distinc- 
tion, control  liaits  are  placed  on  both  sides  of  a  performance  nent. 
Any  neasures  of  performance  falling  outside  these  limits  are  consid- 
ered   to  be  the  result  of  assignable  factors.    Any  variation  within 
the  established  limits  is  attributed  to  chance.     Thus,  the  term 
''control  chart**  refers  to  a  visual  representation  of  a  variance  in- 
vestigaticm  decision  rule.    However,  the  manner  in  which  the  per- 
formance norm  and  control  limits  are  identified  is  not  specified  by 
the  term  "control  chart.** 

In  any  event,  it  is  necessary  to  specify  the  probability 
distribution  associated  with  chance  performance.    Such  an  identifi- 
cation is  necessary  in  view  of  the  fact  that  subsequent  inferences 
will  be  based  on  the  laws  of  probability.    However,  the  process  of 
identification  is  complicated  by  the  fact  that  the  population  of  in- 
dividual performance  Is  infinite. 

This  stems  from  the  fact  that  we  consider  the  pof- 
ulation    corresponding  to  a  process  to  consist  of 
all  the  outcomes  that  would  be  generated  by  the 
process  if  it  operated  indefinitely  under  the  same 
conditions.  ^ 


R.  W.  Koehler,  **The  Relevance  of  Probability  Statistics  to 
Accounting  Variance  Control,**  Management  Accounting.  Vol.  L 
(October,  1968),  p.  37.  .     .        ...  T""^ 

'John  Neter  and  William  Wasserman,  Fundamental  Statistics 
for  Business  Decisions  (New  Yorkt  McQraw-Hill  Book  Company, 
Inc.,   1959),  p.  607. 


Several  approaches  to  the  identification  of  the  probability 
distribution  of  chance  performance  have  been  suggested  in  the  lit- 
erature. , 

In  a  study  made  by  Louis  Tiusi,^^  36  historical  monthly  vari- 
ances from  standard  for  each  overhead  account  were  tested  for  nor- 
mality by  means  of  the  **chi -square**  test.    Having  found  that  a  num- 
ber of  these  monthly  variances  formed  a  skewed  distribution,  he  con- 
cluded that  the  use  of  control  charts  based  on  the  normal  distribu- 
tion was  inappropriate. Using  the  same  historical  variances,  the 
author  then  explored  the  possibility  of  using  other  distributions. 
In  all,  Tuzi  enumerated  four  possibilities  which  could  be  used  to 
specify  the  distributions  applicable  to  the  cost  variances. 

Ibe  accounts  under  study  are  classified  into  one  of 
the  following  four  types  of  distribution)    (1)  nor- 
mal, (2)  bi -modal,  (3)  J-shaped  or  reversed  J-  . 
shaped,  and  (4)  skewed.  , 

These  results  are  not  at  all  luiexpected  when  recognition  is 
given  to  the  fact  that  historioal  monthly  variances  were  used  in  the 
eomptttations.    As  sudi  they  represented  the  difference  between  ac- 
tual overhead  cost  and  the  previously  established  standards.  Accord- 
ingly, the  direction  of  the  skewnese  would  depend  upon  management* s 
philosophy  at  the  time  the  standards  were  set.    For  example,  if 
standard  cost  is  established  as  the  lowest  cost  that  occurred  in  the 
past,  a  skewed  distribution  is  a  logical  necessity. 


Louis  A.  Tusi,  ''Statistical  and  Boonomic  Analysis  of  Cost 
Variances"  (Ph.D.  dissertation.  Case  Institute  of  Techno- 
logy, 1964). 
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<■  ■  VQien  considaration  is  given  to  adopting  probabilistic  con- 

trols #n  a  plant-wide  basis,  several  probloms  emsxge.     Uadax  this 
aj^oach  the  variances  associated  with  each  acooimt  would  have  to  be 
tested  to  determine  the  applicable  distribution.    When  tiiis  require- 
laent  is  satisfied,  the  question  of  a  procedure  for  establishing  con- 
trol  limits  still  needs  to  be  resolved. 

'  *  '       Ihe  use  of  a  control  chart  in  connection  with  single  tiae 
observations  instead  of  aanthly  variances  froa  standard  was  consid- 
ered by  Koehler.^    Using  a  hypothetical  example,  he  assumed  the 
distribution  of  individual  perforaances  aeasuced  in  terms  of  th« 
actual  time  rcqtiired  to  perform  an  operation  to  be  normal  in  form* 

'     .  ^      Normality  is  frequently  assumed  in  statistical  worU; 
but  it  is  rarely  rigorously  fulfilled.    Since  sta- 
tistical decisions  are  based  upon  the  laws  of  proba- 
(         bility,  inferences  regarding  the  shape  of  a  probabil- 
ity distribution  are  often  necessary.    If  the  shape 
of  a  given  distribution  does  not  differ  significantly 
Arom  normality,  \iseful,  although  not  precise,  con- 
;  elusions  will  result  ....    Bie  assumption  of  nor- 
mality is,  therefore,  a  practical  one  if  it  provides 

•    -  I  '     useful  results.  14 

>  '  :  ,        The  dSl^lculty  with  this  approach  is  its  liodted  potential 
for  industrial  application.    Because  the  analysis  is  based  upon  in- 
dividual performance  observations^  the  widespread  assuoqition  of  nor- 
mality Is  suspect.    As  A  result,  serious  mistakes  in  inference  could 
arise  If  this  procedure  were  utilized  in  connection  with  a  variety 
of  InAistzisl  i^eratioiui.  : ,  .  \  .      ..fs,  •  ,ri,  , ,y,  ■  :     .  . 

■  ;  .  ■  .  ,    ,  '  .    '  ■    ■  •  I '       ',  '    .  - 


Robert  Wallace  Koehler,  "An  Evaluation  of  Conventional  and 
Statistical  Methods  of  Accounting  Variance  Control"  (Ph.  D, 
dissertation,  Michigan  State  Itaiversity,  1967). 

^^Ibld. ,  pp.  S7-S8. 


Control  Chart  for  Sample  Means 

Ibe  procedure  eaployed  in  each  of  the  cases  cited  can  be 
Improved  upon  by  utilizing  the  esqperience  gained  in  the  area  of  qual- 
ity control,  for  it  was  here  that  control  charts  were  i^rst  devel- 
oped by  Walter  A.  Shewhart,  ■'•^ 

The  distinguishing  characteristic  of  this  approach  is  the 
use  of  sample  statistics  calculated  during  the  productive  process. 
Saaples  of  a  fixed  size  are  taken  and  statistics  of  interest  are 
oc»iputed  for  each  sample.     The  statistics  which  are  frequently  utl« 
Used  include  the  sample  range  and  the  sample  mean.  Control 
charts  can  then  be  constructed  for  each  of  these  performance 
measures. 

Applicable  Probability  Distribution  .   i  ' 

■■    ■  '     ■       ''  ' 

■     •       I  i  .    t    ■       .  t  ,  I,  '  ■  ■ 

The  construction  of  a  control  chart  for  sample  means  is 
based  upon  the  behavior  of  such  means.     If  a  large  number  of  samples 
were  taken  from  a  productive  operation,  the  individual  means  com- 
puted from  tiie  samples  would  form  a  frequency  distribution  of  their 
own.     In  statistical  work  this  distribution  is  known  as  the 
"sampling  distribution  of  the  mean."    As  is  true  of  all  frequency 
distributions,  the  sampling  distribution  of  the  mean  has  a  unique 
central  tendency  and  dispersion.    Consequently,  the  sampling 


^\alter  A.  Shewhart,  Boonomic  Control  of  Quality  of  Manufae« 
tured  Product  (New  York:  D.  Wan  Nostrand  Co.,  Inc.,  1931). 

^^Acheson  J.  Duncan,  Quality  Control  and  Industrial  Statist 
lies  (3rd  ed.  j  Homewood,  Illinolst  Richard  D.  Irwin.  Inc.. 
196S),  p.  338.  •  • 
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distribution  applicable  to  a  productive  process  can  be  specified  by 
identifying  the  mean  and  standard  deviation  if  it  is  normal. 

Statistical  theory  provides  soae  important  insights  regard- 
ing the  relationship  of  the  sampling  distribution  and  the  population 
from  which  the  samples  are  drawn.     In  the  long  run,  the  average  of 
the  sample  means  will  equal  :he  average  of  the  peculation.     In  addi* 
tion,  the  standard  deviation  of  the  sampling  distribution  of  the 
mean  will  be  equal  to  the  standard  deviation  of  the  universe  divided 
by  the  square  root  of  the  sample  sise. 

Ihe  importance  of  the  sampling  distribution  of  the  mean  is 
its  form. 

If  the  universe  is  normal,  statistical  theory  tells^ 
us  that  the  expected  frequency  distribution  of  the  X 
(mean)  values  will  also  be  normal  ....     This  means 
that  in  sampling  from  a  normal  distribution  that  has 
a  known  average  and  standard  deviation,  statistical 
theory  gives  a  complete  picture  of  the  expected  pat- 
tern of  variation  of  the  averages  of  samples  of  any 
given  size. 18 

But,  as  previously  indicated,  the  widespread  assumption  of  normality 
is  suspect. 

It  has  already  been  stated  that  many  observed  dis- 
tributions of  industrial  characteristics  do  corres- 
pond roughly  to  the  normal  curve.  Nevertheless, 
many  others  do  not.    Serious  mistakes  are  often  made 
when  it  is  assumed  that  the  distribution  of  an  in- 
dustrial quality  characteristic  is  necessarily  nor- 
mal. 19 

Accordingly,  reference  is  made  to  statistical  theory  once  again. 


l^Bugene  U  Grant,  Statistical  Quality  Control  (New  Yorki 
McGtaw-Hlll  Book  Company,  Inc.,  1954),  p.  97. 


18 Ibid. .  p.  98. 


l^Ibld..  p.  100. 


Bv«n  vdisra  the  universe  is  abnornal,  the  distribu*^^^  - 
tion  of  the  sanple  means  will  usually  approach  a 
normal  distribution  if  the  sample  is  sufficiently 
large.  20 

The  question  then  becomes  the  determination  of  iriiat  consti* 
tutes  a  sufficiently  large  sample.  In  this  connection,  the  empiri- 
cal work  of  Sbenhart  can  be  cited.  Sbewhart*s  experiment  consisted 
of  taking  1,000  samples  of  four  from  each  of  two  distributions!  one 
triangular  and  the  other  rectangular.  A  distribution  was  then  pre- 
pMr«d  for  eadi  group  of  sample  means.  Even  though  the  original  dis- 
tributions were  decidedly  abnormal,  the  two  distributions  of  X 
values  approximated  the  normal. 

The  main  point  to  be  noted  here  ...  is  that  even 
with  a  great  departure  from^normality  in  the  uni-  ' 
verse,  the  distribution  of  X  values  with  n«4  is 

'     '    approximately  normal;  in  sampling  from  most  dis-  ' 
tributions  found  in  nature  and  industry,  the  dis- 

'      '  tribution  of  7  values  will  be  even  closer  to  nor-   '  '    =    ^  m 
Ml.  22 

This  is  the  advantage  to  be  gained  from  using  sample  means 
in  connection  with  control  charts  instead  of  variances  or  individual 
items.    When  sample  means  are  used  the  cost  analyst  need  not  assume, 
or,  for  that  matter,  test  whether  the  distribution  of  actual  per- 
formance measures  is  normal  when  dealing  with  a  specific  manufac- 
turing process  or  operation.    Again  Grant  can  be  cited  in  this  con- 
texts 

The  great  practical  importance  of  the  normal  cxirve 
»xi9m»  even  more  from  its  uses  in  sampling  theory 


20Robert  M.  Trueblood  and  Richard  M.  Cyert,  Sampling  Tech- 
niques in  Accounting  (Englewood  Cliffs,  N.  J.  t  Prentice- 
Hall.  Inc.,  19S7),  p.  145. 

^^Shewiiart,  oj^.  cit.,  p.  182. 

**QraBt,  22.  cit. .  p.  99. 


,   than  from  tho  fact  that  some  observed  distributions 
are  described  by  it  well  enough  for  practical  pur- 
.     poses.    One  may  say  with  much  more  confidence  that 
the  distribution  of  averages  of  samples  froa  an  un- 
known universe  will  be  close  to  normal  than  that 
the  universe  itself  is  normal. ^ 

On  the  basis  of  the  preceding  reference  frame,  the  normal 
distribution  is  utilised  to  approximate  the  probability  distribution 
of  chance  performance  assoeiatsd  with  a  particular  productive  opera* 
tion.    This  distribution  is  specified  upon  estimation  of  the  mean 
and  standard  deviation.    These  measures,  in  turn,  are  estimated  from 
the  data  applicable  to  the  operation. 


Appropriate  Control  Limits 


Once  the  mean  and  standard  deviation  of  the  applicable 

chance  probability  distribution  have  been  estimated,  the  task  of 

specifying  appropriate  control  limits  remains.     Ihe  positioning  of 

these  limits  determines  the  answer  to  a  question  which  can  be 

variously  phrasedt 

"Xs  there  one  universe  frea  which  these  samples  ap- 
pear  to  cone?"  or  "Do  these  figures  indicate  a 
stable  pattern  of  variation?"  or  "Is  this  variation 
:  ,V"        the  result  of  a  constant-cause  system?"  or  merely 

"Do  these  measurements  show  statistical  control?"^ 

A  negative  answer  leads  to  a  search  for  assignable  causes, 

while  a  positive  answer  means  no  action  will  be  taken.     Ihus,  the 

selection  of  control  limits  is  in  effect  the  selection  of  ttm  lewl 

of  significance  at  which  the  h3n;>othesis  of  control  is  to  be  tested. 


^Ibid. ,  p.  100. 
^Ibid. .  p.  101. 
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What«ver  lev«l  is  s«l«ct«<i,  th«re  is  always  th«  possibility 
of  srror.    On«  possibility  is  ths  investigation  of  chance  varia- 
tions.   This  is  lyp«  I  error  of  statistical  inference  because,  as 
indicated,  no  specific  reasons  can  be  Identified  in  the  case  of 
chance  variation.     Ihe  magnitude  of  this  type  of  error  is  governed 
directly  by  the  level  of  significance  selected.     Ihe  opposite  error, 
Type  II,  consists  of  the  failure  to  investigate  assignable  perform- 
ance.    Because  the  magnitude  of  this  error  depends  upon  the  value  of 
the  population  mean,  it  cannot  be  directly  evaluated.     The  problem 
of  setting  control  limits  is  also  complicated  by  the  fact  that  the 
probability  of  coamitting  one  type  of  error  can  be  reduced  only  by 
increasing  the  probability  of  incurring  the  other.    Thus,  in  the 
formulation  of  a  variance  investigation  decision  rule  it  is  neces- 
sary to  strike  a  balance  between  the  two  errors  of  inference. 

In  the  area  of  quality  control,  the  control  limits  are 
placed  a  distance  of  3  sigmas  (i.e.,  standard  errors  of  the  mean)  On 
either  side  of  the  mean  of  the  sampling  distribution.    If  the  sample 
means  are  normally  distributed,  this  Includes  99.73  per  cent  of  the 
means. 

To  be  specific,  68.27  per  cent  of  the  observations 
will  be  in  the  interval  f  t  1  sigma,  95.45  per 
cent  in  the  Interval  3?  -  2  sigmas,  and  99.73  per 
cent  in  the  interval  }t  i  3  sigmas. 

Thus,  if  only  chance  factors  are  operative  (i.e.,  universe  un- 
changed), approximately  three  sample  means  in  a  thousand  will  fall 
outside  the  control  limits. 


^^arles  T.  Horngren,  Cost  Accounting.  A  Managerial  Bmnha- 
sis  (Bnglewood  Cliffs,  N.  J.  t  Prentice-Hall,  Inc.,  1967), 
p.  807. 
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Hoiwvar,  idiather  signa  or  probability  limits  are  s«lttet«d, 
it  is  still  iMCSssary  to  attempt  to  balance  the  two  kinds  of  errors. 
Grant  asserts  that  experience  indicates  a-sigaa  limits  actually  do 
strike  such  a  balance.        Ihis  assertion,  however,  is  difficult  to 
test  oqpirieally  by  virtue  of  the  fact  that  the  probability  of  a 
Type  II  error  depends  upon  the  true  mean  of  the  universe.  Accord* 
ingly,  3-sigma  limits  must  be  justified  from  a  practical  point  of 
view* 

The  real  basis  for  the  use  of  3-sigma  limits  on 
control  charts  for  variables  in  industrial  quality 
control  is  esqperience  that  when  closer  limits, 

t'    .       such  as  2-sigma,  are  used,  the  control  chart  often 
gives  indication  of  assignable  causes  of  variation 
.   that  sii^>ly  cannot  be  found,  vdhereas  when  3-sigma 
limits  are  used  and  points  fall  out  of  control,  a 

' ■  '  diligent  search  will  usually  disclose  the  assign- 
able cause  of  variation. ^ 

Bvaluatiwi  of  Oontrol  ca>art  Approach  ^ 

The  significant  feature  of  the  control  chart  approach  Is 
that  it  provides  an  objective  criterion  for  evaluating  the  signifi- 
cance of  reported  variances.    As  indicated,  the  basis  for  this  de- 
termination is  the  probability  that  a  given  variation  in  performance 
was  due  to  chance  factors. 

In  addition,  several  practical  considerations  favor  the  use 
of  this  approach.    In  the  introduction  of  the  technique,  control 
charts  can  be  utilised  in  connection  with  data  already  collected  for 
some  other  purpose.    Actual  changes  in  the  method  of  data  collection 


*"C5rant,  og,  cit..  pp^  101-102. 
^Ibid. .  p.  118. 
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can  be  postponed  until  the  charts  have  proven  their  utility  to  mai*- 
agement.      Ihe  result  is  a  minimum  interruption  during  the  implemen- 
tation phase.  -  , 

Once  the  control  charts  have  become  operational,  they  can  be 
revised  on  a  regular  basis.    By  the  use  of  sample  results  obtained 
during  the  productive  process,  the  central  line  on  the  chart  and  the 
control  limits  can  be  revised  to  give  effect  to  the  learning  curve 
as  wall  as  the  elimination  of  assignable  causes.     Ihe  net  effect  is 
to  identify  standard  cost  as  the  level  of  performance  under  condi- 
tions of  control, 

Another  vital  consideration  is  the  possibility  of  using  con- 
trol charts  in  connection  nith  most  components  of  manufacturing 
cost,     the  approach  as  outlined  earlier  in  the  chapter  is  applicable 
to  both  material  and  labor  costs.    Only  a  slight  modification  is  re- 
quired in  the  case  of  overhead  items.     %is  stems  from  the  fact  that 
samples  of  these  costs  cannot  be  taken  on  a  daily  basis.  However, 
by  the  e^^ansion  of  the  time  horixon,  control  charts  can  be  uti- 
lised.   Mbether  this  would  mean  weekly  or  monthly  tests  would  depend 
on  the  magnitude  of  the  costs  involved.     Ihe  key  point,  however,  is 
the  widespread  applicability  of  the  technique. 

However,  the  control  chart  approach  has  been  criticised  on 
the  grounds  that  a  level  of  significance  is  arbitrarily  selected  in 
setting  the  control  limits.     Ihe  critics  assert  that  other  factors 
should  be  considered  when  establishing  the  limits.     Ihese  include 
the  cost  of  conducting  an  investigation  and  the  cost  of  failing  to 
identify  an  assignable  cause. 


S3 

Control Igd  CoaX 


Another  probabilistic  control  laodel  considered  in  this  study 
was  the  "Controlled  Cost"  model  developed  by  Luh.  ^    In  essence,  the 
ai^oach  is  to  test  the  hypothesis  that  two  sanples  were  taken  fron 
the  same  universe.     The  decision  whether  or  not  to  investigate  a 
productive  operation  is  then  aade  on  the  basis  of  the  results  of  the 
test.  ' 

Description  of  Model 

A9  was  true  of  the  control  chart  approach,  this  aodel  recog- 
nises the  variability  inherent  In  a  productive  process.  Accordingly, 

Controlled  cost  is  defined  as  the  probability  distri- 
bution  of  a  collection  of  input  costs  in  physical 
' ':  units  required  for  the  production  of  a  given  unit  of 

output  when  a  process  is  under  control. 

;  .        However,  the  universe  of  controlled  performance  is  unknown, 

Therefore,  controlled  cost  must  be  specified  on  the  basis  of  a 

sample. 

Accordingly,  the  knowledge  about  the  universe  of 
controlled  performance  must  be  inferred  from  limited 
.    and  selective  observations  of  a  sanple,  presumably 
from  the  universe  of  controlled  performance.^^ 

Once  the  probability  distribution  associated  with  controlled 
performance  has  been  specified,  a  sample  of  actual  performance  is 
then  taken  and  a  probability  distribution  corresponding  to  the  re- 
sults of  this  sample  is  prepared.     It  is  assumed  that  if  both 


'^P.  S.  Luh,  "Controlled  Costt  An  Operational  Concept  and 
Statistical  Approach  to  Standard  Costing, "  The  Accounting 
i^view.  ^1.  XLIU  (January,  1968),  pp.  123-132. 

^Ibid. .  p.  125. 

30lbld.  .  p.  125. 
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mampl99  came  from  the  imiverse  of  controlled  performance,  the  res- 
pective probability  distributions  will  be  approximately  the  same. 
If  the  model  is  to  be  useful,  it  must  evaluate  the  significance  of 
the  difference  betiNMn  the  two  samples.    As  indicated,  the  procedure 
is  to  test  the  hypothesis  that  the  two  sample*  mere  from  the  same 
universe. 

In  this  type  of  test  three  variables  must  be  oonsideredi 

1.  Sample  si se.  The  size  of  the  two  saaqsles  being 
tested. 

2.  Precision.  The  magnitude  of  the  differences  in 
the  probability  distribution  of  the  two  samples 
being  tested  .... 

,  3.    !9aliability.    The  probability  corresponding  to 

the  precision  obtained  from  tables,  i.e.,  the 
degree  of  assurance  in  stating  that  the  two 
samples  being  tested  are  from  the  same  uni- 
verse. 

,   .  ,  ,  Ihus,  before  evaluating  actual  perfbrmanee  management  must 
specify  the  desired  degree  of  reliability.    This  is  necessary  be- 
cause two  samples  are  bdng  tested  and,  therefore,  the  conclusion  as 
to  whether  both  san^les  were  from  the  saiae  universe  can  be  stated 
only  with  a  certain  degree  of  reliability,  i.  e. ,  assurance. 

Prom  the  desired  assurance,  the  size  of  the  sample 
used  in  establishing  controlled  cost,  and  the  size 
of  the  sample  of  actual  performance  to  be  eva- 
luated, a  corresponding  "allowable  deviation**  be- 
tween the  probability  distribution  of  controlled 
cost  and  that  of  actual  cost  is  either  computed 
using  a  mathematical  function,  or  merely  extracted 
from  a  mathematical  table. 


^^P.  S.  Luh,  'Controlled  Costs  An  Opera titmal  Concept  and 
Statistical  /approach  to  Standard  Costing"  (Ph.  D.  dis- 
sertation. The  Obio  State  Ifeiiversity,  1965),  p.  34. 

^^Ibid. .  p.  49. 

23p,  s.  Luh,  The  Accounting  Review.  ©£.  cit. .  p.  128. 
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The  decision  idacth«r  to  investigate  an  operation  is  then;; 
To&dc  by  comparing  the  paredcterminad  "allowiable  deviation"  with  tba 
actual  deviation  between  the  tv>o  saxaples.    In  oth«r  wcards,  v&en  th» 
actual  deviation  is  less  than  the  allowablo  devi&tion,  the  operation 
is  considered  to  be  under  control.  -a.-.v..:';'!!:-''-' J  =  =  ■^.■■^i^:^-. 

iin*       ihase  procedures  ca»i  be  saonaaxized  as  follows j 

"    1.    Determine  the  desired  reliability,"  ■•■  .-.^ :s' .irji--  - 
'  f  ^  ^    2.    Deterndne  the  resulting  pareciaion  as  a  basis  ibr  reject- 
v  i  .  lag  or  accepting  the  hypothesis. 

^       3.    Co!Bpul;e  the  actual  differences  in  the  jvoaability  dis- 
r  i  i  r  , :   :  »     tributions  of  the  two  sanqples.  • 

4.    Qoajpare  2  and  S.  -^-^i  / ■  ■  • 

3.    Accept  or  reject  the  hypothesis.-^ 

Ihus,  the  decision  to  accept  or  reject  the  hypothesis  is 
nade  on  the  basis  of  saaple  inforaation.    Accordingly,  the  possibi- 
lity  of  error  exists.    Bven  if  the  operation  is  under  control,  it  i« 
possible  for  the  probability  distribution  of  actval  cost  to  be 
greater  than  the  allowable  deviation  from  controlled  oost  tecause  of 
chance  factors.    Because  this  condition  calls  for  an  L.vestig&tion, 
a  Tjrpe  I  error  will  have  been  nade.    On  the  other  hand,  chance  fac- 
tors can  cause  the  probability  distribution  of  actual  cost  to  fall 
within  the  allowabit*  deviation  even  though  the  operation  is  actually 
•ttt  of  control.    Sinee  no  investigation  will  be  oonducted  in  this 
«as«,  the  result  is  a  Tsrpe  XI  error. As  long  ae  samples  are  used 
these  errors  cannot  be  eliminated. 


^F.  S.  Uih,  (Hi.  D,  dissertation),  og.  cit. .  p.  35. 
S,  IaA,  the  Accounting  Review,  op.  cit. ,  p.  129, 


Evaluation  of  Model 

Luh  asserts  that  the  controlled  cost  modal  offers  several 
advantages.    Tbm  first  is  a  '^realistic  specification  of  ccmtrolled 
oost,"^*    This  steas  ftoa  the  fact  that  the  probability  distribution 
gives  expUeit  reoognitioo  to  variability  in  performance.    As  a  re- 
sult, wrealistie  assuatptions  are  avoided,  and  the  possibility  for  a 
more  thorou$^  analysis  of  costs  exists. 

However,  when  consideration  is  given  to  tbe  adpptioa  of  the 
model  as  a  variance  investigation  decision  rule,  a  nmhrnr  of  prob- 
1«M  arise.    A  crucial  matter  «hi<^  must  be  resolved  is  the  desired 
degree  of  reliability  to  be  employed,    tub  suggests  that  such  fac- 
tors as  the  type  of  operation,  the  availability  of  managerial  tiaM, 
the  extent  of  coiqtetition,  and  the  results  of  past  evaluations  be 
considered  in  setting  the  desired  reliability.^^    Ihe  difficulty  is 
that  such  qualitative  factors  do  not  lend  themselves  to  quantifica- 
tion.   Ihe  matter  is  further  coeq;»licate(:  by  the  inter -arelationsbip 
of  tiM  <iipN«  of  reliability  and  the  two  types  of  errors  previevsljf 
mentioned.    Ideally,  that  degree  of  reliability  which  balances  the 
two  errors  should  be  f>elect«d.    Practically,  however,  the  selection 
must  be  somewhat  arbitrary. 

When  the  desired  reliability  has  been  selected,  the  matter 
of  identifying  controlled  cost  remains.  Luh  warns  that  the  period 
used  to  establish  controlled  cost  must  be  carefully  selected.^ 

^^bid. .  p.  130. 

^F.  S.  Luh  (Hi.  D.  dissertation),  gj*.  cit. .  pp.  51-53. 
^Ibid. ,  p.  75. 
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Howavar,  short  of  an  investigation  of  all  performance  in  the  con- 
trolled cost  saaple,  the  presence  of  assignable  causes  cannot  be 
discounted 

Another  point  to  be  considered  is  the  model's  potential  for 
application.    As  indicated,  it  is  desirable  that  a  probabilistic 
control  Bodel  be  applicable  to  as  many  cost  classifications  as  pos- 
sible.   However,  as  presented,  "the  controlled  cost  system  is  gener- 
ally   applicable  for  evaluating  repetitive  operations  in  labor  and 
material  usage.,,.*'* 

Ihe  question  of  sample  sixe  and  sanple  frequency  is  also  un- 
resolved.   In  the  illustrations  (uresented  by  Luh,  sample  siaes  vary 
between  20  and  400. 

Finally,  the  model  is  subject  to  the  same  criticisms  cited 
in  connection  with  the  control  chart  approach.    In  other  words,  the 
model  docs  not  explicitly  consider  the  cost  of  investigating  and  not 
investigating  performance. 


^j^-  39ibid.,  p.  gi. 
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Bigrnan.  Fourakar  and  Jaedicke  Model 

Description  of  Modal 

A  cost  control  model  which  explicitly  considers  the  cost  of 
investigating  a  variance,  the  cost  of  not  investigating  a  variance,  . 
and  the  probability  distribution  of  chance  perforaance  was  devel- 
oped  by  Biernan,  Pouralcer  and  Jaedicke.        Ihe  "investigate"  or  "do 
not  investigate"  decision  is  aade  on  the  basis  of  the  expected  cost 
associated  with  each  act.    the  information  necessary  for  the  calcu- 
lation of  e3q>ected  costs  given  the  occurrence  of  an  unfavorable 
vmrlance  is  shown  in  Xable  2. 

Hm  table  indicates  that  there  are  two  acts  and  two  states. 
Associated  with  each  act-state  combination  is  a  conditional  cost. 
If  an  investigation  is  undertaken,  the  cost  of  this  act  is  C  regard- 
less of  the  cause  of  the  variance.    If,  en  the  other  hand,  no  inves- 
tigation is  undertaken  and  state  1  prevails,  the  cost  is  sero.  This 
stems  from  the  fact  that  the  variance  was  due  to  random  causes  which 
cannot  be  eliminated.    Given  state  2  and  no  investigation,  the  cost 
is  L  because  assignable  or  ccmtrollable  causes  are  being  overlooked. 

The  expected  cost  of  each  act  is  then  computed  by  multiply- 
ing the  conditional  costs  of  the  acts  by  the  conditional  probabili- 
ties of  the  states  and  svpning.    Ihe  procedure  is  illustrated  for 
the  act  "investigate"  in  table  3. 


^^H.  Bierman,  Jr. ,  L.  E.  Fouraker,  and  R.  K.  Jaedicke,  Quanti- 
tative Analysis  for  Business  Decisions  (Homewood,  Illinoist 
Richard  D.  Irwin,  Inc.,  1961),  pp.  108-124.    See  alsot  ^ 
Harold  Bierman,  Jr. ,  topics  in  Cost  Accounting  and  Decisions 
(New  Yorkt  McGraw-Hill  Book  Company,  1963),  pp.  15-23. 
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XabX«  3* 

Bxpeeted  Oo«t  of  Act  1  "Invtstigate" 
Conditional 

Cost  Probability       Coat  x  Probability 

Stata  1  .  C  .       .  9       ,  .PB,  , 

Stat«  2  .  C  1  -  P  a-P)C  :  : 

B3q[>ect«d  Coat  of 

Act  It  C 

*BieriBan,  Topica  in  Coat  Accounting,  p.  20 

Hm  dacialon  rul<p  is  to  aiaiaiza  the  eiq>«ct«id  coat  of  th« 
act.    Therefor*,  If  the  expected  cost  of  investigating  is  less  than 
the  expected  coat  of  not  investigating,  an  investigation  is  called 
fsr.    In  the  opposite  case  no  Investigation  ^ould  be  undertaken. 

In  order  to  illustrate  the  operation  of  the  aodel,  Bieraan 
preaented  the  following  exanple.        The  budgeted  coat  for  a  year  eaa 
$10,000,    Ihla  represented  the  expected  value  of  the  cost  to  be  in- 
curred and  i*as  used  as  the  standard  cost.     It  was  further  assturad 
that  the  cost  was  normally  distributed  with  a  standard  deviation  of 
$6,000.    Given  that  the  actual  coat  for  the  year  waa  $13,000,  "the 
probability  of  a  coat  variance  aa  large  aa  or  larger  than  $3,000, 
given  an  unfavorable  variance,  was  62  per  cent.**^^    Ihis  is  the  con- 
ditional probability  P  appearing  in  Table  2. 


^''^Bieraan,  Topics  in  Cost  Accounting,  pp.  17-22, 
^^Ibid. .  p.  21, 
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To  conplete  the  analysis,  dollar  values  wera  assigned  to  C 
and  L.    Biernan  assumed  the  cost  of  conducting  an  investigation  to 
be  a  constant,  1.  c. ,  C  ■  $40.    L  was  assumed  to  be  $9,000  because 
**L  is  equal  to  three  tines  the  cost  variance  (i.e.,  the  inefficiency 
is  eiqsected  to  last  for  about  four  years,  assuming  a  10  per  cent  in- 
terest factor)."^ 

With  this  information  the  expected  cost  of  eadi  act  can  be 
computed.    The  variance  should  be  investigated  because  the  expected 
cost  of  investigating  is  $40  (C*$40)  idiile  the  eiqpected  cost  of  not 
investigating  is  $3,420       (1-P)  )« 

Bvaluation  of  Model  •  .  ;  •  •'..!:■,  iiv  ,.:  ■ 

Conceptually,  the  Bierman,  Pouraker,  and  Jaedicke  model  is 
appealing  because  it  explicitly  ccmsiders  the  cost  associated  with 
each  act  and  incorporates  a  consistent  decision  rule,  i.e. ,  minimise 
expected  cost. 

However,  as  {uresented,  the  model  is  applied  to  year-end 
variances  from  standard.     Thus,  even  if  a  variance  is  investigated, 
there  is  a  strong  possibility  that  the  investigation  of  the  variance 
will  prove  to  be  barren  because  of  the  time  lapse  between  the  incur- 
rence of  the  variance  and  its  investigation.    If,  on  the  other  hand, 
the  cause  of  the  year-end  variance  is  identified,  it  is  too  late  to 
correct  the  condition  as  far  as  the  year  in  question  is  concerned. 
If  it  is  to  reap  the  cost  control  potential  inherent  in  the  probabi- 
listic approach,  the  model  should  not  be  applied  annually  to  summary 


^bid. .  p.  22. 
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expense  classifications  but  rather  to  operations  on  a  ctirrent  basis. 
In  this  way  assignable  causes  could  be  identified  and  eliminated 
during  the  productive  process. 

Another  point  to  be  considered  is  the  feasibility  of  accu- 
rately estimating  C  and  L  called  for  in  the  iBodel.    The  authors  as- 
sumed that  the  cost  of  investigation  was  a  constant  amount.  How- 
ever, based  on  the  writer's  experience  at  the  A.  O.  Smith  Corpora- 
tion, such  an  assuB^tion  is  open  to  serious  question.    In  studies 
made  which  will  be  described  in  the  following  chapter,  it  was  found 
that  the  cost  of  conducting  an  investigation  was  dependent  upon  the 
reason  for  the  variation  in  perforaance.    By  definition,  the  cause 
of  random  or  diance  performance  cannot  be  identified  no  matter  how 
diligent  or  lengthy  the  search.    Accordingly,  an  investigation  of 
such  performance  will  be  costly  because  an  exhaustive  search  must  be 
conducted  before  it  may  be  safely  assumed  that  random  factors  were 
responsible  for  the  variation.     Bven  if  performance  is  non-random  in 
nature,  the  cost  of  investigation  does  not  remain  constant.    The  in- 
vestigations conducted  at  the  A.  O.  Seith  Corporation  demonstrated 
that  the  cost  of  investigation  is  further  dependent  upon  the  specif- 
ic   assignable  cause  involved.    Ihe  more  obscure  the  explanation, 
the  higher  the  cost  of  investigation  and  vice  versa. 

Ihe  difficitlty  encountered  in  an  attempt  to  estimate  L,  the 
avoidable  cost  inefficiencies,  is  the  inability  to  predict  the 
length  of  time  the  assignable  cause  would  have  remained  operative. 
Blerman  assumed  the  off-standard  condition  would  persist  for  four 
years.    However,  such  an  assumption  is  unwarranted  vdien  an  attempt 
is  made  to  apply  tbe  model  at  the  operational  level  because  either 
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th«  operator  or  the  foreman  can  be  expected  to  detect  such  a  condi- 
tion within  a  more  reasonable  period  of  time. 

Modern  Decieion  Theory  Model 

The  final  porobabllistic  control  model  considered  was  the 
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'hsodern  decision  theory  Dodol"  as  presented  by  Onsi.       Ihis  nodel 
is  identified  as  modern  because  it  poss««s«s  two  distinguishing  cha» 
acteristics^.  -  < 

The  first  such  characteristic  is  the  explicit  use  of  subjec- 
tive  probabilities.    Onsi  equates  this  tern  with  personal  judgatent.^ 
As  such,  they  are  based  on  f  combination  of  intuition,  experience, 
and  objective  evidence,  and  arc  subject  to  change  as  more  informa- 
tion is  acquired. 

The  other  feature  is  the  distinctive  approa^  of  the  model. 
Instead  of  formulating  a  hypothesis  and  testing  it  by  means  of  con- 
ditional probabilities  as  is  done  in  the  more  traditional  approach 
to  decision-making,  the  Onsi  andel  begins  with  a  siAijective  probabi- 
lity distribution  for  the  unknown  parameter  wbidb  is  being  investi- 
gated. 

The  subjective  probability  distribution  describes 
the  decision-maker's  state  of  information  or  degree 
of  belief  as  to  the  several  different  conceivable 
values  that  the  unknown  parameter  may  take.^ 


^^MDhaaed  Onsi,  "Quantitative  Models  for  Accounting  Control, 
The  Accounting  Review.  Vol.  XLII  (April,  1967),  pp.  321- 
330. 

^^Ibid..  p.  325. 

*^irshleifer,  o£.  cit . ,  p.  472. 


:  Ib«s«  a  priori  probabilities  com{Hrise  the  prior  distribu- 
tion.^   Depending  on  the  circumstances,  a  decision  can  be  nade  on 
the  basis  of  this  prior  distribution,  or  alternatively,  the  decision 
■ay  be  delayed  until  additional  infornation  in  the  fora  of  a  saaple 
is  obtained.    If  a  sample  is  taken,  the  a  priori  probabilities  are 
revised  on  tiie  basis  of  the  sample  information  to  obtain  a  poster- 
iori probabilities.^    Because  Bayes' Theorem  is  used  in  the  revision 
process,  the  approach  is  also  called  "Bayesiam  statistics.** 

'     Ihe  approach  as  a  idK>le  is  called  Bayesian  because 
of  the  crucial  role  played  by  Bayelii  theorem  in 
V  indicating  how  a  specified  prior  probability  dis-    i'.  ff'>-,- 

tribution,  vAien  combined  with  seonple  evidence, 
leads  to  a  unique  posterior  distribution  for  the 
unknown  parameter. 

The  final  step  in  the  procedtire  is  to  use  the  revised  proba- 
bilities in  the  calculation  of  the  expected  cost  of  each  act.  ^  Ihe 
act  with  the  lowest  expected  cost  is  then  selected. 

Description  of  Model 

Onsi  used  a  hl{|(hly  automated  process  to  illustrate  the 
operation  of  the  model.       The  unknown  parameter  is  the  proportion  < 
(P)  of  defective  units  that  will  be  produced  by  the  process.  Ihe 
possible  values  which  (P)  may  asstuse  are  shown  in  Column  1  of 


*^Onsi,  22,.  clt.,  p.  32S. 
^Ibld. .  p.  327, 

*%irshleifer,  o£.  clt.,  p.  472. 

^Qtiei  points  out  that  the  decision  can  also  be  made  on  the 
basis  of  expected  opportunity  loss.    See  i^.  327-329. 

^^sl.  22.  clt.,  pp.  326-329. 
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Table  4.    Sinea  it  is  aasuowd  that  «ach  production  run  consists  of 
200  units,  it  is  possibls  to  have  as  fmm  as  two  defectives  on  a 
single  run  (P  -.Ol)  or  as  many  as  thirty  (P  ■♦15). 

•  •  Table  4       ••  .  ■<  ■    -      ■  :  :•'>.-,•;;,■  ^.r  >\- 

Ubconditional  Bxpected  Costs* 


Cost  of  Acceptance  Cost  of  Rejection 

(P)  of        A  Priori 
Deviations    Probability    Conditional    Expected    Conditional  Expected 


.01 

.s 

$  1.00 

$  .50 

$4.00 

$2.00 

.05 

5.00 

1.00 

4. 00 

.10 

10.00 

2.00 

4. 00 

.to 

as 

15.00 

1.50 

4.00 

 r40 

1.0 

.  $5.00 

■  .  •.'■,> 

$4.00 

•Onsi,  Quantitative  Models,  p.  327, 

Pxiox  to  an  actual  run,  (P)  is  unknown.     If  the  run  is  < 
allowed  to  proceed,  i. e. ,  accept  the  process  as  being  under  control, 
and  P  -.01^  then  two  defectives  will  be  produced.    Since  it  is  also 
assumed  that  the  cost  of  reworking  a  defective  is  $.  50,  the  condi- 
tional cost  of  acceptance  is  $1.00  (2  x  $.50).     In  this  way  the  con- 
ditional cost  of  acceptance  for  each  value  of  (P)  can  be  determined 
as  shoim  in  column  3  of  Table  4. 

Instead  of  accepting  the  process  as  under  control,  the  al- 
ternative is  to  investigate  the  process  before  the  run  is  allowed  to 
begin.    In  this  event  two  additional  assumptions  are  needed.  First, 
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the  cost  of  investigation  will  always  be  $3.00.    Second,  if  an  in- 
vestigation is  undertaken  (P)  will  always  be  .01.    As  a  result,  the 
conditional  cost  of  rejection  (i.e.,  investigation)  is  $4.00  for 
each  value  of  (P).     This  inforaation  appears  in  column  5  of  Table  4. 

■  '.    Before  a  decision  can  be  nade,  subjective  probabilities  must 
be  assigned  to  each  possible  event  (value  of  P).    Onsi  asserts  that 
these  probabilities  should  be  based  on  past  records  and  eiqperienoe. ^ 

Ittth  this  added  information,  the  expected  cost  of  each  act 
can  be  computed  by  multiplying  the  conditional  costs  of  the  acts  by 
their  respective  probabilities  and  summing  for  all  possible  events. 
Ihe  result  is  shonsi  in  columns  4  and  6  of  Table  4. 

'  At  this  point  the  process  could  be  rejected  because  that  act 
has  the  lowest  expected  cost.    However,  another  possibility  is  to 
postpone  the  decision  until  a  sample  has  been  taken.    By  means  of 
Bayes'  Theorem,  the  sanple  results  can  then  be  used  to  revise  the  a 
priori  probabilities.    Finally,  the  expected  cost  of  eacdi  act  is  re- 
calculated on  the  basis  of  these  revised  probabilities.    As  shown  in 
Table  5,  the  e}q>ected  cost  of  accepting  the  process  is  less  than  the 
expected  cost  of  rejection.    Accordingly,  acceptance  is  the  best  act 
under  the  circumstances. 


Ibid.  ■  p.  327. 


Table  5 

/I  Poster iori  Unconditional  Expected  Costs* 

Cost  of  Acceptance  Cost  of  Rejection 

(P)  of     A  Posteriori 
Deviations    Probability   Conditional    Expected   Conditional  Expected 


.61 

.804 

$  1.00 

$  .804 

$4.00 

$3,216 

.05 

.141 

S.00 

.  70S 

;  4.00 

.364 

.04S 

10.00 

.480 

.  4. 00 

.192 

.  is 

.007 

is.oo 

.103 

4.00 

.028 

1.000 

$2,094 

$4.00 

•Onsi,  Quantitative  Models,  p.  328, 

B;Valuation  of  Model 

As  indicated,  -^e  approach  of  the  Onsi  model  is  unique. 
This  can  best  be  illustrated  by  comparing  it  with  the  Bieraan,  Pour- 
aker,  and  Jaedicke  model.    In  each  model  the  investigation  decision 
is  made  on  the  basis  of  the  expected  cost  associated  with  each  act. 
Ihe  decision  rule  is  tiie  minimisation  of  expected  costs.  However, 
the  manner  in  imich  probabilities  are  utilised  within  the  respective 
models  is  different.    In  the  Bierman  et  al.  model  the  probabilitiee 
refer  to  the  likelihood  of  obtaining  chance  deviations  as  large  as 
or  larger  than  those  observed.     (This  corresponds  to  the  way  proba- 
bilities are  used  in  the  control  chart  approach.  )    In  the  Onsi 
model,  however,  the  probabilities  refer  to  the  likelihood  that  the 
unknown  parameter  (P)  will  assume  a  specific  value. 


By  virtue  of  this  modification^  the  Onsi  aodsl  «liBinat«s 
the  prinary  objection  to  the  control  chart  approach;  naaely,  the  ar- 
bitrary selection  of  the  level  of  significance.    However,  it  aasiuses 
that  a  mutually  exclusive  and  collectively  exhaustive  listing  of  all 
possible  events  (parameters)  can  be  made. 

In  the  example  presented  there  were  four  possible  events, 
i.  e. ,  the  unknown  parameter  (P)  could  assume  four  possible  values. 
Because  the  example  dealt  with  an  automated  process,  it  is  con- 
ceivable that  these  values  correspond  to  the  care  eicercised  during 
the  set-up  period.    However,  if  Onsi's  model  were  to  be  utilised  in 
connection  with  labor  cost  it  would  be  necessary  to  identify  not 
only  the  probability  distribution  of  chance  performance  but  also  the 
distribution  aseeelated  with  eadh  assignable  cause.    The  model  pre- 
supposes the  identification  of  all  possible  parameters.    In  the  case 
of  labor  performance  this  would  be  average  labor  cost;  but  averagt 
labor  cost  during  a  particular  period  depends  upon  the  nature  of  the 
causes  operative  during  that  period.    Accordingly,  the  first  re- 
quirement of  the  model  is  the  identification  of  the  distvilmtion  of 
values  associated  with  each  assignable  cause.    The  mean  of  each  such 
distribution  would  then  represent  a  possible  parameter. 

This  task  is  complicated  by  two  factors.    The  first  of  these 
is  the  feasibility  of  obtaining  a  collectively  exhaustive  list  of 
possible  events,    Nhea  the  departmental  foremen  at  the  A.  O.  Smith 
Corporation  were  requested  to  prepare  a  list  of  possible  asslspaable 
causes,  they  were  unable  to  do  so.    However,  they  were  able  to  iden- 
tify the  more  common  ones,  but  these  were  responsible  for  only  about 
50  per  cent  of  assignable  performance. 
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>       '    Even  if  such  a  listing  could  have  been  obtained,  the  problea 
of  identifying  the  distxibution  of  values  associated  vith  each  cause 
retaains.     The  difficulty  is  that  of  overlapping  distributions. 
Koehler  used  the  time  required  to  shave  to  illustrate  the  problea*^^ 
He  dentonstrated  that  "the  distribution  of  values  dae  to  ^ance  over- 
laps the  distribution  of  values  due  to  assignable  causes."^  Chance 
and  assignable  causes  operate  simultaneously  with  the  result  that 
there  sure  soae  cotnoon  values  associated  with  each  cause.    Only  by  a 
thorough  investigation  of  these  comBon  perforaance  values  can  the 
cause  or  causes  be  identified.         <  '  : 

The  final  point  to  be  considered  in  connection  with  the  Onsi 
aodel  is  the  specification  of  the  conditional  costs  associated  with 
eaeli  act-event  eoabinatlon.    In  the  case  of  acceptance  ('*do  not  in- 
vestigate")* Onsi  relied  upon  a  constant  cost  of  reworking  defective 
units  in  order  to  identify  the  various  conditional  costs.    In  other 
applications  it  would  be  necessary  to  estimate  the  loss  associated 
with  the  failure  to  identify  an  assignable  cause.    Ihe  problems  in- 
herent in  making  such  an  estimate  have  been  previously  discussed  in 
connection  with  the  Bierman  et,  al.  model.    Furthermore,  Onsi  as- 
sumed a  constant  investigation  cost  in  specifying  the  conditional 
costs  of  rejection  ("investigate"))  yet  the  esqierience  at  the  A.  O. 
Smith  Corporation  substantiated  that  this  cost  is  dependent  upon 
the  cause  involved. 


W,  ffioehler,  0£.  cit. ,  pp.  35-41. 


Model  Selected  for  Utilization 

The  probabilistic  control  aodel  selected  fox  application in 
this  study  was  the  control  chart  for  sample  means.    This  model  in- 
corporates  probabilities  into  the  standard  cost  system  in  order  to 
formulate  a  decision  rule  to  be  used  in  connection  with  variance 
analysis.     In  this  way  the  deterministic  approach  to  variance  re- 
porting, which  isolates  historical  variations,  is  replaced  by  a  pro- 
babilistic technique  which  has  the  advantage  of  Identifying  problem 
areas  on  a  current  basis,  thereby  providing  a  means  of  current  cost 
control. 

More  specifically,  this  model  was  selected  because  it  Is  ap- 
plicable to  most  categories  of  manufacturing  costs.     Its  sole  re- 
quirement is  that  the  specific  cost  classification  be  Influenced  by 
chance  factors.    As  such,  the  model  is  applicable  to  "variation  in 
labor  and  overhead  efficiency,  material  usage  and  overhead  volume 
variances. "^^ 

Finally,  and  perhaps  more  Importantly,  this  selection  was 
based  on  the  conviction  that  the  ccmtrol  chart  am^^oach  Is  the  logi- 
cal starting  point  in  an  attempt  to  utilise  probabilistic  cost  con- 
trols.   Ihe  niimerous  problems  encountered  In  estimating  the  vari- 
ables called  for  in  the  other  models  have  already  been  indicated. 
The  only  possibility  in  sudh  cases  is  to  make  a  number  of  simplify- 
ing assumptions;  nevertheless,  the  utility  of  the  models  depends 
upon  the  validity  of  the  ensuing  estimates. 


g^ibld. .  p.  36. 
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Thus,  in  addition  to  providing  a  variaiwe  investigation  da- 
eision  rule,  whidi  is  a  desirable  end  in  itself,  the  control  chart 
approach  will  provide  some  of  the  information  necessary  to  estimate 
those  variables  which  play  a  crucial  role  in  the  other  models.  For 
example,  the  assignable  causes  at  work  in  a  particular  operation  as 
well  as  the  value  of  the  parameter  associated  with  those  causes  will 
very  likely  be  identifiable  after  a  sufficient  amount  of  experience 
has  been  acquired  with  the  control  charts. 

Closely  related  to  this  point  is  the  possibility  of  using 
tiie  control  chart  as  an  evolutionary  vehicle.    Various  aspects  of 
the  approach  can  be  modified  as  additional  information  is  acquired, 
cue  such  possibility  is  to  utilise  the  probability  distribution  of 
Stance  performance  specified  in  eomieetion  with  the  e«mtrel  chart  to 
calculate  the  expected  cost  of  each  act  as  called  for  in  the  Bierman 
£t  al.  model.    Another  possibility  is  to  use  this  same  distribution 
as  the  ''controlled  cost  distribution.  ** 

Finally,  as  far  as  the  assertion  that  control  limits  are  ar- 
bitrarily placed  on  the  control  dbarts  is  concerned,  it  is  possible 
to  place  such  limits  at  various  distances  fzon  the  central  line.  In 
this  way  the  determination  can  be  made  as  to  which  limits  actually 
strike  a  workable  balance  between  the  two  types  of  error. 


CHAPIBR  IV  •  ' 

UTIUZATION  OP  CONTROL  CHARTS  FOR  006T  CONTROL 

As  indicated  In  the  preceding  chapter,  the  probabilistic 
cost  control  model  selected  for  application  in  this  study  was  the 
control  chart  for  saaple  means  (X  chart).     In  this  chapter  a  X  chart 
for  labor  cost  control  is  separately  developed  for  each  of  the 
operations  selected  at  the  A.  O.  Smith  Corporation!  blanking,  weld- 
ing, and  assembly.    Since  the  purpose  of  each  X  chart  is  to  isolate 
on  a  current  basis  those  variations  in  performance  which  are  proba- 
bilistically significant,  it  was  necessary  to  estimate  the  probabi- 
lity distribution  of  chance  performance  associated  with  each  opera- 
tion.    This  was  accomplished  by  means  of  25  random  samples  of  labor 
cost  taken  during  November,  1968.     From  this  sample  information  the 
mean  (  fl  )  and  standard  deviation  (  CT)  of  the  vmi verse  of  individ- 
ual   random  performance  were  estimated.     These  parameters  were  then 

used  to  estimate  the  mean  (X*)  and  standard  deviation  (  (7_)  of  the 

X 

applicable  sampling  distribution.     The  predictive  ability  of  the  X 
charts  derived  from  these  latter  estimates  was  subsequently  tested 
during  December,  1968,  by  means  of  additional  samples  of  labor  cost. 
However,  before  the  construction  of  the  individual  X  charts  is 
described,  several  factors  irtiid)  apply  to  all  three  operations  will 
be  considered. 
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if':  Preliminary  Considerations 

The  universe  of  individual  random  performance  associated 
with  each  operation  refers  to  the  distribution  of  labor  cost  values 
when  only  chance  factors  are  operative.     Ihis  is  the  process  uni- 
verse from  which  the  samples  are  drawn.    In  order  to  estimate  the 
parameters  of  this  distribution  (  /X   and  (T  ),  a  number  of  saaplca 
were  taken  at  the  A.  O.  aith  Corporation  during  November,  1968. 
Bach  samiple  observation  was  taken  during  the  productive  process  and 
represented  the  actual  labor  cost  of  performing  the  operation  on  a 
specific  part  number.    Bach  sample,  in  turn,  consisted  of  four  ob- 
servations from  which  a  sample  mean  was  computed. 

Because  the  basis  for  subgrouping  was  the  order  of  produc- 
tion, each  sample  consisted  of  items  produced  consecutively. 

Generally  speaking,  subgroups  should  be  selected 
in  a  way  that  makes  each  subgroup  as  homogeneous 
as  possible  and  that  gives  the  maximum  opportunity 
for  variation  from  one  subgroup  to  another.  As 
applied  to  control  charts  on  production,  this 
means  that  it  is  of  vital  importance  not  to  lose 
track  of  the  order  of  prodtiction.  ^ 

The  reason  homogeneous  subgroxxps  are  desired  stems  from  the  fact 
that  "the  variability  within  samples  is  used  to  deduce  the  variabi- 
lity among  sanples. Ihis  refers  to  the  use  of  the  range  (R)  in 
the  samples  to  estimate  the  standard  deviation  i^j^)  sampling 
distribution. 

A  closely  related  point  is  the  use  of  four  observations  in 
each  sample.    As  indicated,  the  variability  within  samples  is  used 

^Eugene  L.  Gtant,  Statistical  Quality  Control  (New  Yorkt  Mc- 
Graw-Hill Book  company.  Inc.,  1954),  p.  151. 

2w.  A.  Vfallis  and  H.  V.  Roberts,  Statist  lest  A  New  Approach 
(Glencoe,  Illinoist  The  Free  Press,  1956),  p.  500. 
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to  estimate  the  dispersion  in  the  applicable  probability  distribu- 
tion.    This  requires  that  there  be  a  "ainimun  opportunity  for  varia- 
tion within  a  subgroup.        Therefore,  ;  .. 

...  it  is  desirable  that  subgroups  be  as  Miall  as 
possible.    On  the  other  hand,  a  sise  of  four  is 
better  than  three  or__two  on  statistical  grounds;  :,  • 

the  distribution  of  X  is  nearly  nornal  for  sub- 
groups of  four  or  more  even  though  the  samples  are         s  . 
taken  from  a  nonnormal  universe....^ 

Thus,  the  relationship  between  the  basis  for  subgrouping  and  the  use 

of  four  observations  can  be  summarized  as  follows i 

If  observations  are  grouped  on  a  "r^^tional"  basis 

...  the  average  of  the  variability  within  groups  .  , 

provides  an  appropriate  measure  of  the  variability 

to  be  expected  between  groups  if  the  process  is  in 

control. 5 

,   Another  consideration  is  the  number  of  sample  means  required 
to  specify  the  applicable  distribution,    vnaille  there  &pp9G>x  to  b« 
few  hard  and  fast  rules  in  this  area,  at  least  one  author  has  sug- 
gested the  use  of  25  samples.^   After  the  X  chart  has  been  con- 
structed, the  estimates  based  on  tbese  initial  samples  may  be 
vised  as  more  sample  Information  becomes  available. 

The  principal  thing  to  be  kept  in  mind  is,  how- 
ever, that  the  main  purpose  of  su<d»  a  criterion  is  - 
to  detect  lack  of  control  in  a  continuous  produc- 
tion process  where  we  have  a  whole  series  of 
samples  so  that  the  question  as  to  the  minimum 
number  of  sub-samples  becomes  of  minor  importance. 7 


^Qrant,  og.  cit. ,  p.  152. 
^Ibid. .  p.  152. 

^Wallis  and  Roberts,  o£.  cit. ,  p.  499. 
^Qrant,  o£.  cit. .  p.  156. 

^W.  A.  Shewhart,  Economic  Control  of  Quality  of  Manufactured 
^o^^ct  (New  York!  D.  Van  Nostrand  Company,  Inc..  1931). 
p.  315.  •         t  #» 
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In  quality  control  applications  the  control  chart  for  Beana 
is  soaetimes  supplemented  by  a  control  chart  for  sample  ranges  (R 
chart).     Ihe  purpose  of  '*R  Charts''  is  the  control  of  process  varia- 
bility.   However,  the  observation  has  been  nade  that 

.    ;  ^  ^^^^  fixed  control  limits,  a  change  in  M  (process 
average)  will  be  equivalent  to  a  vertical  shift 
of  the  normal  distribution;  this  will  increase 
the  probability  of  a  point  falling  outside  the 
limits  ....    An  increase  in  (  cr  )  (process  stand- 
ard deviation)  will  also  increase  this  probabi* 
lity,  and  a  decrease  in  (  (T  )  will  decrease  it. 

.  Thus  the  control  chart  for  averages  tends  to  de- 
tect process  changes  that  involve  changes  in  the 
mean  or  increases  in  the  variability. . . . ^ 

Ihe  only  change  which  the  X  Chart  will  not  detect  is  a  decrease  in 
process  variability.^    However,  decreases  in  variability  will  be  ree- 
ognized    if  the  control  charts  are  periodically  revised.  Accord- 
ingly, the  R  chart  is  net  a  strict  necessity,  and  '*the  clerical 
costs  of  keeping  R  charts  sometimes  may  be  avoided  without  much  loss 
in  useful  data."^° 


^Wallis  and  Roberts,  0£.  cit . ,  p.  499. 
^Ibid. ,  p.  500. 

•"^^^Charles  T.  Horngren,  Cost  Accounting.  A  Managerial  Bmpha- 
sls  (Bnglewood  Cliffs,  N.  J. «  Prentice-Hall  Inc..  1967). 
p.  811. 
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X  Chart  for  the  Blanking  Operation 
Cong traction  of  X  Chart 

In  order  to  construct  a  X  chart  for  the  blanking  operation 
it  was  necessary  to  specify  the  applicable  saapling  distribution  of 
the  mean.    However,  the  parameters  of  this  distribution  are  depend- 
ent upon  the  distribution  of  individual  performance.  Accordingly, 
the  November  sample  information  was  used  to  estimate  the  parameter* 
(  JLL  aad  cr  )  of  this  latter  distribution. 

The  means  of  the  25  samples  taken  from  the  blanking  opera- 
tic during  Noveinber  are  shown  in  Table  6.    Bach  observation  repre- 
sented the  actual  labor  cost  of  blanking  100  pieces  of  part  #207  in 
department  #1.    The  mean  (X)  of  the  sample  means  (X)  was  used  as  a 
preliminary  estimate  of  jJi  ,    This  estimate  was  obtained  as  follows! 

X    «       X  X         ,        $98.28        a    $3.93  . 
U  25 

where  fc  Is  the  number  of  sample  means.     The  same  value  ($3.93)  was 
used  as  the  preliminary  estimate  of  the  mean  of  the  sampling  distri- 
bution becausei 

The  expected  value,  or  mean  of  the  entire  proba- 
bility distribution  of  3lf-values  is  /X  .^^ 

E  (X)  •  yii 

Ckx  the  strength  of  this  relationship,  $3.93  was  used  as  the  central 
line  on  the  preliminary  X  chart. 


F.  B.  Crogcton  and  D.  J.  Cowden,  Practical  Business  Statls- 
ti£s(Bnglewood  Cliffs,  H,  J, t  Prentice-Hall,  Inc. ,  1960), 
p.  302. 


Table  6 

Ntans  and  Ranges  of  25  Saaple*  of  4  Taken  froa 
Blanking  Operation  during  Noveaber,  1968, 
Part  #207,  Departnent  #i 


Sample  Sample      !  Sample 

Number  Mean  (JT)  Range  (R) 


1 

$4. 01 

$0.23 

t 

3.94 

.20 

i 

3.87 

.13 

4 

3.  91 

.16 

• 

3.88 

.18 

• 

3. 8S 

.13 

f 

3.87 

.16 

• 

4.08 

.23 

• 

t.93 

.19 

10 

3.84 

.  09 

11 

3.86 

.  16 

12 

4.46 

.66 

13 

3.87 

.17 

U 

3.  84 

.14 

15 

3.85 

.19 

16 

4.00 

.17 

17 

3.85 

.18 

18 

3.88 

.14 

19 

3.93 

.16 

20 

4.01 

.21 

21 

3. 91 

.17 

22 

3.95 

.18 

23 

3.88 

.13 

24 

3.85 

.09 

35 

3.  99 

tIA 

X  •  $3.93 

R  s  $0. 184 

In  order  to  sat  tha  control  liaiita  on  th«  preliminary  X  - 
chart  It  was  necessary  to  estinate  CT —  ,    However,  this  measure  of 
dispersion  in  the  sampling  distribution  of  the  mean  is  dependent 
upon  both  the  sample  sise  (n)  and  the  standard  deviation  (  cT)  of 

the  universe  firom  «diich  the  samples  were  drawn.     This  relationship 

12 

is  expressed  as  follows! 

cr 


X 


Thus,  before  estimating  CT--   it  is  necessary  to  estimate   CT . 

There  are  several  ways  of  obtaining  unbiased  estimates  of 
cr  including  the  use  of  ^e  sample  range, -'-^  iriiere  range  is  the  dif- 
ference between  the  extreme  observations  within  each  sample. 

An  unbiased  estimate  of   CT  can  also  be  obtained 

from  the  range  R,  s'' 

B/    R     I    ■    rr  •  . 


Values  of  62  have  been  computed  and  are  available  in  pub- 
lished tables. Croxton  points  out  that: 

In  quality  control  work  it  is  a  common  procedure 
to  compute  R  from  a  number  of  small  samples,  ob> 
,    tain  the  mean  If  of  these  values,  and  compute 

—     ■■■■  y  -  V 


^^Ibid. ,  p.  302. 
^3lbld. .  pp.  254-255. 

^^IXidley  J.  Cowden,  Statistical  Methods  in  Quality  Control 
(Bnglewood  Cliffs.  N.  J.  j  Prentice-Uall,  Inc.,  1957),  p.  63. 

^^ibid. .  p.  691. 
l^ibld. ,  p.  63. 


Itils  estimate  of  the  standard  deviation  of  the  process  universe  (C) 
nay  be  used  to  estlaate  the  standard  deviation  of  the  saapling  dis- 
tribution (  cr.  )  using  the  previously  cited  relationship 


With  this  estimate,  the  control  limits  may  be  placed  a  distance  of 

as 

3Cr^   on  either  side  of  the  mean  (  X  ).    Actual  figures  were  iK>t  in- 
cluded in  the  preceding  discussion  because  the  procedure  may  be  con- 
densed into  one  step.    Available  tables  permit  the  calculation  of 
3<J^    control  limits  directly  from  R. 

Ihe  two  steps  in  the  calculation  of  3cr^  mij^t 
be  consolidated  as 


To  shorten  the  calculation  of  control  limits  frosi 
V,  this  factor  1  /  d^s/xT  ,  the  multiplyer  of  IT     viT  .  . 
in  the  preceding  calculation,  has  been  computed 
; ,   for  each  value  of  n  from  2  to  20  and  tabulated 
,,,,     Ibis  factor  is  designated  Ag  . '^^ 

By  means  of  the       factor,  the  3  0-   control  limits  may  be  calcu- 

lated  as  followst 

U^per  control  Ldmit    =    X  *  AjS 

Lower  Control  Limit    =    X  -  A  R. 
The  range  of  each  of  the  25  samples  taken  from  the  blanking 
operation  during  November  appears  in  Table  6.     The  average  range  (R) 
was  computed  as  follows t 

^    =        ^  ^         '    $4. 60      a  $0,184 
H  25 
where  k  is  the  number  of  samples. 


^^Grant,  £►£.  cit. ,  p.  104. 
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The  control  liaits  were  then  calculated  by  means  of  the 
factor  and  the  average  range  (R)i  -i  :  '  v 

.         UCL    =    $3.93  ♦  .73  ($0,184)     =  $4,064 
LCL    »    $3.93  -  .73  ($0,184)     =  $3,796 
With  this  Infornation  the  prellninary  X  chart  shown  in  Figure  1  was 
constructed.     If  the  saaple  means  are  normally  distributed,  99.73 
per  cent  will  fall  in  this  interval. 

.  Ibl lowing  the  eenstructlon  of  the  X  chart  for  the  blanking 
operation,  the  sample  means  obtained  during  November  were  plotted  on 
the  chart.     It  is  apparent  frma  Figure  1  that  the  means  of  samples 
No.  8  and  Ifo.  12  fell  outside  the  control  limits.     If  the  prelimi- 
nary estimates  were  valid,  it  is  very  unlikely  that  these  two  sample 
values  were  dtM  to  chance  factors  because  **only  about  three  in  a 

thousand  will  fall  outside  the  control  limits  as  long  as  the  uni- 

18 

verse  does  not  change.**  Therefore,  an  investigation  was  under- 
taken in  an  attempt  to  identify  the  assignable  causes  responsible 
for  these  "out-of-control"  points. 

The  initial  step  took  the  form  of  a  meeting  with  the  depart- 
ment foreman  and  budget  analyst  at  which  time  the  shifts  associated 
with  the  respective  sample  means  were  Isolated.     Subsequently,  an 
examination  of  the  work  tickets  for  the  appropriate  shift  Indicated 
that  saaple  No.  8  included  the  production  of  an  operator  borrowed 
from  another  department.     The  extreme  value  associated  with  sample 
No.  12,  on  the  other  hand,  was  found  to  be  the  result  of  a  hydraulic 
problem  on  the  press,  a  fact  which  was  substantiated  by  an  examina- 
tion of  the  service  department  report. 

^^Horngren,  o£.  cit. ,  p.  807. 
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On  the  basis  of  these  findings,  it  was  concluded  that  the 
results  of  the  two  samples  could  not  be  attributed  to  chance.  Ac- 
cordingly, the  Beans  associated  with  these  samples  were  droi^d,  and 
replacement  samples  were  added  in  order  to  construct  a  second  X 
chart.    Table  7  includes  the  means  and  ranges  of  this  revised  group 
of  samples. 

The  revised  estimate  of  the  mean  of  the  sampling  distribu- 
tion was  $3.91,  which  again  was  the  mean  of  the  sample  means  (X); 
As  above,  this  figvure  was  used  as  the  central  line  on  the  revised  X 
dtiar  t. 

Ihe  av«arage  range  was  used  to  construct  the  control  limit*. 
When  the  data  of  Table  7  are  substituted,  the  revised  control  limit* 
were  placed  at 

UCL  ■  $3.91  +  .73  ($0.16)  «  $4,027 
LCL    •    $3.91  -  .73  ($0.16)    ■  $3,793 

As  shown  in  Figure  2  all  the  sample  means  fall  within  the 
revised  control  limits.    lience,  it  was  aissumed  that  all  sample  ob- 
••rvations  were  taken  from  a  single  universe.    This  must  be  an  as- 
sumption because  there  is  always  the  possibility  of  overlai^ing  dis- 
tributions.   Thus,  some  of  the  values  of  chance  performance  coincide 
with  values  due  to  assignable  causes. However,  the  inability  to 
identilV    the  distribution  associated  with  each  assignable  cause 
makes  the  hypothesis  of  a  single  universe  reasonable  for  the  purpose 
of  cost  control. 


^•r.  W,  Koehler,  'The  Relevance  of  Probability  Statistics  t© 
Accounting  Variance  Cbntrol,"  Management  Accounting.  Vtol, 
L  (October,  1968),  p.  37. 
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Means  and  Ranges  of  25  Saaples  of  4  Taken  from 
Blanking  Operation  d\iring  Noveaber,  1968, 
Part  #207,  Department  #1 

Samples  8  and  12  Replaced 


Sample  Sample  Sample 

MHriMT  mui  (X)  Range  (R) 


t 

1 

$4.01 

$0.23 

• 

3.94 

.  20 

t 

3.87 

.13 

4 

3. 91 

.16 

S 

3.88 

.18 

« 

3. 83 

.13 

f 

3.  87 

.16 

m 

3.96 

.15 

9 

3.92 

.19 

10 

3.84 

.09 

11 

3.86 

.16 

12 

3.98 

.11 

IS 

3.  87 

.17 

14 

3.84 

.14 

15 

3.83 

.19 

16 

4.00 

.17 

17 

3.85 

.18 

18 

3.88 

.14 

19 

3.93 

.16 

SO 

4. 01 

.21 

21 

3. 91 

.17 

22 

3.  95 

.18 

23 

3.88 

.13 

24 

3.85 

.08 

25 

3.99 

,16 

X  «  $3.  91 

R  3  $0. 16 
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If  no  points  fall  outside  the  control  liaits  and 
if  there  is  no  evidence  of  nonrandom  variation 
within  the  linits,  it  does  not  mean  that  assign- 
able causes  are  not  present.     It  s imply  means 
that  the  hypothesis  that  chance  causes  are  alone 
at  work  is  a  tenable  hypothesis  and  that  it  is 
likely  to  be  unprofitable  to  look  for  special 
assignable  causes.  ^ 

Test  of  X  Chart 

Ihe  samples  taken  during  ffovember,  as  well  as  the  investiga 
tions  conducted  during  that  period,  resulted  in  a  revised  X  chart. 
In  order  to  test  the  ability  of  the  X  chart  to  predict  the  pattern 
of  randcm  variation  associated  with  the  blanking  operation,  20  addA 
tional  ample*  wure  taken  during  the  montii  of  Oeceaber,  1968.  As 
before,  each  sample  consisted  of  four  observations  taken  during  a 
single  shift.    Bach  observation,  in  turn,  consisted  of  the  actual 
labor  cost  of  blanking  100  pieces  of  part  #207  in  Department  #1. 
the  mean  of  the  four  observations  was  then  computed  and  plotted  on 
the  control  chart  reproduced  in  Figure  3.  '  -^^    .  ■      '  ".^'y^'. 

The  variation  in  performance  occurring  within  the  control 
limits  was  considered  the  result  of  chance.    Accordingly,  Xhmm 
points,  with  a  few  exceptions  to  be  discussed  later,  were  not  laws 
tlgated.    However,  a  search  for  assignable  causes  was  initiated  im- 
Mdiately  in  connection  with  those  points  falling  outside  the  limit 

The  first  such  point  was  associated  with  sample  No.  g.  An 
investigation  by  the  foreman  revealed  that  blanks  were  occasionally 


'Acheson  J.  Duncan,  Quality  Control  and  Industrial  Statis- 
tics (Homewood,  Illlnoist  Richard  D.  Irwin,  Inc..  ig6S). 
p.  341. 


46 


67 

•ticking  in  the  di«.    This  necessitatad  a  departure  from  the  stan- 
dard operating  procedure,  thereby  increasing  the  actual  labor  cost. 

Figure  3  shows  that  the  second  point  falling  outside  the 
control  limits  was  sample  No.  15.    A«ain  an  investigation  was 
undertaken  by  the  foreman.     In  this  case  rusty  steel  stock  was  iden- 
tified as  the  assignable  cause. 

In  addition  to  the  points  falling  outside  the  control  limits, 

samples  No.  2,  No.  13  and  No.  16  were  investigated.    The  reason  for 

this  was  to  test  further  the  3-sigma  control  limits  selected  for 

this  study.    These  control  limits  were  selected  because 

Experience  indicates  that  in  most  cases  S-sigma 
limits  do  actually  strike  a  satisfactory  economic 
balance  between  the  two  kinds  of  errors. 

Zf  this  is  true,  it  should  be  possible  to  isolate  an  assignable 

cause  for  the  majority  of  points  outside  the  control  Units.  Ihis 
was  accomplished  in  connection  with  sample  No.  9  and  sample  No.  15. 
However,  the  opposite  should  be  true  for  the  points  inside  the 
limits.    Accordingly,  three  of  the  more  extreme  points  within  the 
ccmtrol  limits  were  investigated. 

Several  points  of  interest  emerged  as  a  result  of  this  acti- 
vity.   One  was  the  excessive  lengtii  of  time  spent  investigating  the 
results  of  these  sanples.     In  the  case  of  samples  No.  9  and  No.  lS,:f 
the  reasons  for  the  variations  were  readily  identified.    Ihis  was 
not  surprising  in  view  of  the  fact  that  the  sample  means  represented 
a  substantial  departure  from  the  estlm>tet3  »ttaa.    However,  this  pro- 
vided a  marked  contrast  to  the  investigations  conducted  in  connection 


Grant,  ©£.  clt. ,  pp.  101-102. 


with  saaples  No.  2  and  No.  13.    Here  an  exhaustive  search  failed  to 
identify  anything  resembling  an  assignable  cause. 

A  different  conclusion  was  reached  with  respect  to  sanple 
No.  16.    After  a  check  had  been  made  with  the  industrial  engineering 
section,  it  was  discovered  that  the  operation  was  being  run  on  a  ma- 
chine other  than  the  one  used  when  the  Job  was  originally  timed. 
Ibis  result  was  totally  unexpected  in  view  of  the  fact  that  no  ex- 
planation could  be  found  for  8ai^>le  No.  13,  vdiich  represented  a 
greater  variation  in  performance. 

Another  point  worth  noting  is  the  absence  of  any  sample 
falling  below  the  lower  control  limit.    However,  this  was  expected 
because,  short  of  a  methods  change,  human  endurance  becomes  the  . 
limiting  factor. 

X  Chart  for  the  Welding  Operation 

Construction  of  X  Chart 

The  welding  operation  was  the  second  of  three  operations  at 
the  A.  O.  Smith  Corporation  for  which  a  X  chart  was  constructed. 
Ihe  iMCocedure  employed  paralleled  that  described  in  connection  with 
the  blanking  operation.    In  essence,  the  results  of  random  samples 
were  used  to  estimate  the  parameters  of  the  ai^licable  sampling  dis- 
tribution.   These  parameters  were  then  used  to  construct  the  X 
chart. 

The  means  and  ranges  of  the  25  random  samples  taken  from  the 
welding  operation  during  November,  1968,  are  shown  in  Xable  8.  Bach 
sample  mean  represents  the  average  actual  labor  cost  of  the  welding 
operation  on  part  #319  performed  in  department  #3.    As  was  the  case 


Tablfl  a 


Itoaiw  and  Ranges  of  25  Samples  of  4  Taken  froa 
Ntlding  Operation  during  November,  1968, 
Part  #319,  Departaent  #2 


Sample  Sample  Sample 

Number  Mean  (X)  Range  (R) 


i 

$2.48 

$0.  24 

s 

2.  62 

.31 

> 

2. 61 

.  26 

2. 32 

.  17 

f 

2.  51 

.  20 

# 

2.29 

.  13 

f 

2.48 

.  29 

• 

2.29 

.08 

# 

2.  50 

.26 

10 

2. 48 

-  23 

11 

2.37 

.18 

12 

2.  47 

/NX 

.  06 

IS 

2.48 

.21 

14 

2.42 

.19 

15 

2.33 

.29 

16 

2.50 

.32 

17 

2.29 

.26 

18 

2.  56 

.19 

19 

2.41 

.37 

20 

2.44 

.06 

21 

2.31 

.23 

22 

3.38 

.19 

23 

2.  55 

.26 

34 

2.29 

.  21 

35 

2.48 

X  »  $2.  43 

R  3  $0.  23 
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with  th«  blanking  opsration,  each  sanpla  consistad  of  A>ur  observa- 
tion* with  each  observation  representing  the  cost  of  welding  one 
unit  of  part  #319.    Again,  the  basis  for  subgrouping  was  the  order 
of  production.  ,/•,.  '..  <■ 

Ihe  Man  of  ^ese  2S  sample  aeans  was  found  to  be 

X    «       ^  X         ,    $60.76      .  $2.43 
k  2S 

Because  this  figure  was  the  preliminary  estimate  of  the  mean  of  the 
sampling  distribution  of  the  iMan,  it  was  used  as  the  central  line 
on  the  preliminary  X  chart  shown  in  Figure  4. 

The  3-sigpia  control  limits  were  calculated  on  the  basis  of 
the  average  range  (R)  and  the       factor  previously  discussed.  For 
the  group  of  samples  shown  in  Xable  8  the  average  range  wae 

■    ■    *        ^   *        =      <5. 53      «    $0.22    ■  \  '  ■ 

Accordingly  the  preliminary  control  limits  were  placed  at  < 
UC^    «    X  ♦  AgR    ■    $2.43  ♦  .73  ($.22)  s    $2.59  ' 
LCL    «    X  -  A2K    ■    $2.43  -  .73  ($.22)  •  $2.27 
Ihese  limits  were  used  to  complete  the  X  chart  shown  in  Figure  4. 

In  order  to  determine  if  all  the  November  samples  were  taken 
ft<HB  the  same  \uii verse,  the  25  sample  means  used  in  the  above  calcu- 
lations were  plotted  on  the  preliminary  X  chart  (Figure  4).    An  exa- 
mination of  this  chart  reveals  that  sanqple  No.  2  and  sample  No.  3 
exceeded  the  established  control  limits.    Upon  investigation  the 


^%ee  p.  60. 
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forman  idantifi«d  a  delay  in  the  receipt  of  materials  as  the  as- 
signable cause.    On  the  strength  of  the  foreman's  findings*  the  re- 
sults of  the  two  samples  were  dropped  and  two  additional  samples 
were  added.    The  means  and  ranges  of  the  revised  group  of  samples 
appear  in  Table  9.    Ihe  necessary  calculations  were  then  repeated 
using  the  data  in  this  table.    As  shown  in  Figure  5,  the  central 
line  on  the  revised  X  chart  was  $2.42  and  the  control  limits  were 
placed  at  $2. 26  and  $2. 58.    Because  all  the  sample  means  fell  insidt 
the  revised  control  limits,  it  was  concluded  that  all  sample  obser- 
vations were  taken  frc»  the  same  universe. 

Test  of  X  caiart 

Twenty-five  additional  samples  of  labor  cost  were  taken  from 
the  welding  operation  during  December,  1968,  and  the  means  of  these 
samples  were  plotted  on  the  revised  X  chart  shown  in  Figure  6. 
These  samples  were  taken  in  order  to  test  the  predictive  ability  of 
the  X  chart.    If  the  estintates  based  on  the  November  samples  were 
correct,  it  should  be  possible  to  isolate  assignable  causes  for  all 
sample  values  outside  the  control  limits.     Figure  6  demonstrates 
that  samples  No.  2,  No.  9,  and  No.  23  indicated  the  presence  of  as- 
signable causes.    As  expected,  the  causes  of  these  variations  were 
identified.    A  problem  with  the  welding  fixture  accounted  for  the 
variation  in  sample  No.  2,  idiile  a  malfunctioning  welding  gun  ex- 
plained samples  No.  9  and  No.  23. 

Once  again  the  propriety  of  the  3-sigaa  control  limits  se- 
lected for  this  study  was  tested  by  Inltiatiag  a  search  for  assignab 
eauees  in  ecmnection  wi^  two  sample  means  (No.  4  and  No.  6)  idiich 
the  X  chart  indicated  were  the  result  of  random  influences.  The 
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labia  9 

Iteans  and  Ranges  of  25  Sauries  of  4  Tak«n  froa 
Maiding  Operation  during  November,  1968, 
Part  #319,  Department  #2 

Samples  2  and  3  Replaced 


Sample  Sample  Sample 

Number  Mean  (X)  Range  (R) 


% 

$2.48 

$0.24 

t 

2.52 

.26 

i 

• 

2.47 

.19 

4 

2.32 

.17 

• 

3.51 

.20 

• 

2.29 

.13 

t 

2.48 

.29 

V 

2.  29 

.  08 

9 

2.50 

.26 

10 

2.48 

.23 

11 

2.37 

.18 

12 

2.47 

.06 

13 

2.48 

v^--..-  .21 

14 

2.42 

.19 

15 

2. 33 

.29 

16 

2.50 

.32 

17 

2.29 

.  26 

18 

2.56 

.19 

19 

2.  41 

.37 

20 

2.44 

.06 

21 

2.31 

.23 

22 

2.28 

.19 

23 

2.  55 

.26 

24 

2.29 

.21 

2S 

2.48 

.34 

X  *  $2. 42 

R  ■  $0,216 
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only  factor  uncovered  was  an  experience  differential  on  the  part  of 
the  operators.  ;  * 

This  discovery  presented  what  was  initially  considered  a 
serious  problem.     Should  a  separate  control  chart  be  used  for  exper- 
ienced operators?    Were  there,  in  fact,  two  probability  distribu- 
tions of  chance  performance?    When  questioned,  the  foreman  attri- 
buted this  condition  to  the  union  seniority  system.  Consideration 
was  then  given  to  the  possibility  of  constructing  a  control  chart 
for  each  operator.    However,  the  foreman  disapproved  of  the  idea  be- 
cause the  operation  in  question  was  rotated  among  all  the  operators 
in  the  department.    Another  important  consideration  was  possible 
union  resistaoice  to  the  use  of  individual  control  charts.     Thus,  a 
single  chart  by  operation  and  part  number  was  settled  upon. 

X  Chart  for  Assembly  Operation 

The  final  probabilistic  cost  control  model  was  developed  for 
the  assembly  operation  in  Department  #3.     The  object  of  interest  in 
this  department  was  the  actual  cost  of  assembling    one  unit  of  part 
#106.    Ihe  procedure  employed  was  similar  to  that  used  in  the  devel- 
opment   of  the  two  models  previously  discussed.     Therefore,  only  the 
highlights  of  this  activity  will  be  cited. 

Ihe  sample  statistics  derived  from  the  25  samples  taken  from 
the  assembly  operation  dxiring  ^k>vember,  1968,  are  presented  in  Table 
10.    An  analysis  of  the  data  resulted  in  the  construction  of  the  X 
chart  shown  in  Figure  7.    A  significant  feature  of  the  preliminary 
chart  is  the  fact  that  all  sample  means  fell  within  the  preliminary 
control  limits.    As  a  result  this  chart  was  applied  intact  to  Decem- 
ber output. 
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Table  10 

Means  and  Ranges  of  25  Saiiq>les  of  4  Taken  from 
Assembly  Operation  during  November,  1968, 
Part  #106,  Department  #3 


Sample  Sample  Sample 

Number  Hean  (5?)  Range  (R) 


t 

$2.  99 

$0. 18 

t 

2.90 

.30 

$ 

3.01 

.14 

4 

2. 99 

.09 

2.90 

,16 

#  ' 

3.07 

.11 

7 

3. 10 

.32 

• 

2.  91 

.13 

3.09 

.29 

10 

3. 10 

.28 

11 

2.97 

.16 

12 

3.11 

.27 

13 

2.  94 

.17 

14 

3.15 

.31 

15 

2.90 

.15 

16 

3.13 

.30 

17 

3.04 

.21 

18 

2.99 

.08 

19 

2.90 

.14 

20 

3. 10 

.31 

21 

2. 95 

.16 

22 

3.05 

.21 

23 

2.  97 

.15 

24 

2.96 

.18 

25 

X  ■  $3.01 

R  »  $0.20 
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The  means  of  the  23  additional  samples  taken  during  the  ~ 
aonth  of  December  appear  on  the  X  chart  reproduced  in  Figure  8.  An 
investigation  was  undertaken  on  a  current  basis  only  in  connection 
with  saaplm  No,  10  and  sample  No.  20;  with  No.  10,  because  it  ex- 
ceeded the  upper  control  limit  and  with  No.  20,  because  it  afforded 
3ret  another  opportunity  to  test  the  predictive  ability  of  the  estab- 
lished control  limits,    the  assignable  cau^  of  the  vaxiatioa  iadi- 
eated  by  sample  No.  10  was  found  to  be  a  burr  on  one  of  the  compon- 
ents.   As  indicated  by  satiq>le  No.  11,  the  prompt  isolation  of  this 
assignable  cause  was  instrumental  in  preventing  the  recurrence  of  a 
similar  variation.     The  investigation  of  sample  No.  20,  on  the  other 
hand,  was  fruitless  in  the  sense  that  no  specific  cause  of  the  vauri- 
ation  could  be  identified.    Approximately  two  man-hours  were  spent 
in  the  investigation  process  by  the  foreman  and  budget  analyst. 
Subsequently,  several  remaining  possibilities  were  exhausted  by  the 
writer.    In  eac^  case  the  result  proved  to  be  negative, 

Bffectiveness  ef  X  Charts 

An  inspection  of  Figures  3,  6^ and  8  reveals  that  the  !? 
charts  isolated  six  samples  taken  during  the  productive  process  as 
indicating  the  presence  of  assignable  causes.    An  investigation  con- 
ducted by  the  foreman  and  budget  analyst  on  a  current  basis  identi- 
fied the  cause  of  each  of  these  sample  values.    On  the  basis  of  this 
experience  it  is  possible  to  conclude  that  the  X  charts  derived  from 
sample  data  represent  an  efficient  means  of  identifying  those  varia- 
tions in  perffurmance  which  require  Investigation  in  the  departments 
studied. 


•I 

Howevsr,  consideration  was  given  to  the  fact  that  the  con« 
trol  limits  utilized  in  conjunction  icLth  the  selected  operations 
were  unsatisfactory  in  the  sense  that  they  failed  to  identify  addi- 
tional variations  in  perforaance  which  were  the  result  of  assignable 
factors.    In  an  effort  to  evaluate  this  possibilityf  those  sanples 
representing  December  performance  iriiich  approached  but  still  fell 
within  the  control  llaits  were  investigated.    These  included  sanples 
Ho.  2,  No.  13,  and  No.  16  from  the  blanking  operation]  saaples  No.  4 
and  No.  6  from  the  welding  operation;  and  sample  No.  20  from  the  as- 
sembly operation.    Bven  thou{^  all  investigations  were  conducted  im- 
mediately after  the  samples  were  taken,  only  one  assignable  cause 
was  discovered.    This  was  sample  No.  16  —  blanking,  where  the  job 
was  being  rim  on  a  machine  other  than  the  one  used'vriien  the  job  was 
originally  timed, 

Hmm  findings  support  the  contention  that  the  use  of  3-si9ia 
limits  strikes  an  economic  balance  between  the  two  errors  of  infer- 
ence.   More  restrictive  limits,  such  as  2-sigma,  would  lead  to  the 
investigation  of  random  variations  in  performance. 


CUAPIBB  V 


ADJU51MBNT  OP  IHB  MODBL  ID  INCLUDB 
SUBJBCTIVB  PROBABIUTIBS 


The  initial  r«action  on  the  part  of  the  for«Mii  to  th«  con- 
trol chart  proved  to  be  fairly  predictable.    In  spite  of  the  fact 
that  they  had  actively  participated  in  the  search  for  assignable 
causes  associated  with  out -of -control  sanple  points,  they  were  un- 
willing to  rely  on  the  aodel  as  a  variance  investigation  decision 
rule.    Ihey  reasoned  that,  having  been  foremen  in  their  departaents 
for  20  years,  they  did  not  need  probabilities  to  tell  then  vAien 
something  was  wrong.    All  they  had  to  do  was  to  walk  out  on  the 
floor  and  they  could  tell  if  soae thing  was  wrong.  \  h 

The  reaction  was  predictable  because  control  devices  of  any 

kind  are  likely  to  meet  with  resistance.    Horngren  emphasised  this 

very  point  in  connection  with  budgetei 

Budgets  place  managers  under  the  spotlight.  The 
natural  reaction  to  restriction,  to  criticism,  and 
to  control  is  resistance  and  self-defense.  The 
ioh  of  education  and  selling  is  overwhelmingly  im- 
portant here.     Too  many  department  heads  think 
that  budgets  represent  a  penny-pinching,  negative 
brand  of  managerial  pressure.     To  them,  the  word 
budget  is  about  as  popular  as,  say,  lay-off, 
strike,  or  pay  decrease.     Ideally,  company  person- 
nel should  understand  emd  accept  the  role  of  bud- 
gets as  positive  vehicles  for  company  improvement,  , 
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departoent  Impzoveioent,  and  individual  iaprove- 
Mnt.  1 

In  line  with  Professor  Horngren's  advice,  a  broader  educa- 
tional and  selling  job  was  attempted  by  the  writer.    Ihe  value  of  a 
variance  investigation  ^cision  rule  was  stressed,  as  well  as  the 
use  of  the  X  chaurt  to  specify  iriiat  is  meant  by  '^conditions  of  con- 
trol,     the  iaportance  of  Hie  control  chart  in  establishing  standard 
costs  was  also  cited.     Finally,  the  control  chart  was  portrayed  as  a 
vehicle  for  the  attainment  of  company  objectives.    However,  in  spite 
of  this  effort,  the  attitude  of  the  foremen  remained  less  than  en- 
tliusiastic. 

A  sustained  reaction  of  this  nature  would  alsMst  assuredly 
render  probabilities  Ineffective  as  a  vehicle  for  cost  control.  ' 
Ihis  follows  from  the  fact  that  control  charts  sure  intended  to  b« 
control  devices  at  the  operational  level.     Since  operational  respoa- 
sibillty  is  carried  by  the  department  foreman,  his  understanding  and 
support  of  the  charts  are  critical* 

After  a  series  of  meetings  with  the  foremen  Involved,  it 
appeared  that  the  major  stumbling  block  continued  to  be  their  inabil- 
ity   to  tinderstand  the  probabilistic  technique.     This  was  true  in 
spite  of  an  early  meeting  at  vdiich  the  statistical  basis  for  the 
model  was  discussed.    Iberefore,  in  an  effort  to  remedy  this  defi- 
ciency, "subjective  probabilities'*  were  Introduced.     There  were  two 
primary  reasons  far  this  inclusiont 


Charles  T.  Horngren,  Cost  Accounting.  A  Managerial  Broha- 
si*  (Bnglewood  Cliffs,  N.  J.:  Prentice-Hall  Inc.,  1967), 
p.  120. 


•4 

1,     Tb  utilize  a  new  approach  in  an  effort  to  cultivate  an 
understanding  of  the  probabilistic  technique,  and  <.:■■' 

;  ,  V        2.     TO  involve  the  foremen  directly  in  the  actual  con- 
struction of  the  individual  X  charts. 

In  each  ease.  It  was  hoped  the  result  ivould  be  an  appreciation  and  - 

an  endorsement  of  the  technique  by  the  foremen. 

Construction  of  X  Chart  Using  Subjective 
Estinates  -  Blanking  Operation 

In  the  preceding  chapter  the  X  charts  were  constructed  on 
the  basis  of  the  information  obtained  from  25  random  samples  of 
labor  cost  taken  during  November,  1968.    Itote  specifically,  the 
sample  information  was  used  to  estimate  the  parameters  of  the  uni- 
verse of  individual  performance.     Ihese  parameters  in  turn  were  used 
to  estimate  the  parameters  of  the  sampling  distribution  of  the  mean 
from  which  the  X  charts  were  constructed.  ... 

Because  the  use  of  sample  information  in  the  construction 
of  the  X  charts  presented  pedagogical  difficulties,  this  approach 
was  st^plemented  by  the  subjective  technique  described  in  this  chap- 
ter.    Ihe  distinguishing  feature  of  the  latter  Is  the  use  of  subjec- 
tive estimates  In  the  construction  of  the  X  charts.     In  essence,  the 
foreman  was  asked  to  estimate  the  universe  of  individual  random  per- 
formance.    Ihis  ttniverse  was  then  used  to  estimate  the  parameters  of 
the  sampling  distribution.    As  was  the  case  with  the  sample  informa- 
tion, these  estimated  parameters  were  used  to  construct  the  X 
charts. 

Initially,  the  foreman  was  asked  to  specify  the  range  of  in- 
dividual performance  if  only  chance  factors  were  operative.  Ihe 
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estimate  provided  by  the  blanking  department  foreman  is  shown  in 
Table  11.    According  to  his  estimate  the  actual  labor  cost  of  blank- 
ing 100  pieces  of  part  #207  can  be  esqpected  to  vary  betiveen  $3.74 
and  $4,10,    Prom  this  information  nine  equal  intervals  were  con- 

'  '  ■    :  .  ■    '  .  '  >      .     ■  ■  .    !  j  ■   .    '  ' 

1 

•trueted.    the  foreman  was  then  asked  how  iOO  individual  observa- 
tions would  be  distributed  within  these  intervals.     The  probabili- 
ties shown  in  Table  11  reflect  this  latter  estimate.    In  addition, 
the  foreman's  estimate  of  the  universe  of  individual  performance  is 
presented  graphically  in  Figure  9, 

The  utilization  of  a  single  subjective  estimate  instead  of 
25  random  samples  necessitated  a  modification  in  the  method  of  con- 
structing the  X  chart.     Ihe  mean  of  the  foreman's  estimated  distri- 
bution was  used  as  the  central  line  on  the  X  chart.    This  mean  mae 
calculated  from  the  formula^ 

B  (X)    =    I  X  P(X) 

fdiere  X  is  the  mid-point  of  each  interval  and  P(X)  is  the  probabi- 
lity that  a  particular  value  of  X  will  occur.  The  actual  calcula- 
tions   are  shown  in  Table  12. 

Because  the  foreman's  estimate  was  considered  to  be  the  uni- 
verse of  individual  performance,    cr   ,  the  standard  deviation  of 
this  universe,  was  calculated  directly  from  the  data  in  Table  11. 
As  shown  in  Table  13,  CT  was  obtained  from  the  expression^ 

^John  Neter  and  William  Wasserman,  Fundamental  Statistics 
for  Business  and  Economics  Orded.  t  Bostont  Allsm  and  Ba- 
con, Inc.,  1966),  p.  209. 

^F,  E.  Croxton,  D.  J.  Cowden  and  S.  Klein,  Applied  General 
Statistics    (Englewood  Cliffs.  N.  J.  t  Prentice -Hall,  Inc. , 
1967),  p.  195. 


Table  11 

Foreiaan's  Estimate  of  the  Probability 
Distribution  of  Chance  Performance 

Blanking  Operation 

(Actual  Labor  Cost    per  Hundred  Pieces) 

Labor  Cost  Probability 


$3.74 

but 

less 

than  $3.78 

.01 

3. 78 

It 

1* 

n 

3.82 

.IS 

3.82 

n 

n 

n 

3.86 

.25 

3.86 

It 

M 

H 

3.90 

.20 

3.90 

n 

n 

n 

3.94 

.15 

3.  94 

« 

n 

II 

3.98 

.10 

3.98 

•• 

II 

n 

4. 02 

.10 

4. 02 

If 

n 

It 

4.06 

.03 

4. 06 

n 

It 

II 

4. 10 

.01 

Qraphieal  Plr«Mntation  of  Poraman*s  Bstlaiatad 
Probability  Distribution   of  Chanco  Ptrfoxaanc* 

Blanking  Operation 


.30 


35 


,30 


CJ.IS 


10 


OS 


$    3.76  3.80 


3.84      3.88      3.93      3.96  4.00 
Labor  Cost 


4. 04      4. 08 


Figure  9 
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Ooaputation  of  Maan  of  BttiMted  Probability  Distribution 

of  Chanc*  Perfortaance 

Blanking  Operation 


Pr(X)   X  •  Pr(X) 


Mid-point  of  Intarval         Probability  of  X 


$3. 76 

.01 

$0. 037 

3. 80 

.15 

.570 

3.84 

.25 

.960 

3. 88 

.20 

.776 

3.92 

.13 

.388 

3.96 

.10 

.396 

4.00 

.10 

.400 

4.A4 

.03 

.m 

4.08 

.01 

.040 

Total  X  •  $3.89 
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Table  13 

Computation  of  Standard  Deviation  of  Estimated 
Probability  Distribution  of  Chance  Performance 

Blanking  Operation 


X 

f 

d 

fd 

1  -  point 
Interval 

Frequency 

Interval  Deviation 
from  Assumed  Origin 

$3. 76 

1 

-S 

-  3 

9 

t 

3.  80 

IS 

-8 

-30 

4 

60 

3.84 

ts 

-I 

-25 

1 

88 

■A 

A 

w 

• 

3.92 

is 

I 

15 

1 

IS 

3.96 

tii 

8 

20 

4 

40 

4.00 

10 

8 

30 

9 

90 

4.04 

« 

4 

12 

16 

48 

4.08 

 1 

100 

S 

_S 
24 

25 

25 
312 

I 


0"    *    i   -\  j  Ifld)^  /  I  f d         \2     »    $  .0706 

N  i  N 


cr«.    *  cr         s    $.  0706      «  $.035 


^  •    i      -\  /    ^  f  M)^        -  (If  d 

where  d  represents  the  deviation  of  the  mld-polntof  the  interval 
froB  the  assuaed  mean  in  terms  of  intervals,  and  i  is  the  size  of 

the  interval.   "  '  '   •    •  > 

With    <T  it  was  possible  to  estimate   ^ ^  from  the  expres- 

•ioa     ■••  ■    •  '   "  ■  '       "■  ••     '  ■ 

<r^  s        cr        z    S.07    =  $.033 

Xhie  figure  ($«035)  represented  an  estimate  of  the  standard  devia- 
tion of  the  eea^ling  distribution  of  the  mean  on  the  asstmption  that 
an  infinite  number  of  samples  of  four  observations  were  taken  frc» 
the  estimated  universe  of  individual  performance.    As  such  it  was 
used  to  construct  the  3-si9sa  control  limits  as  follows* 

UCL  «    X  ♦  3   cr     s    $3.89  ♦  3($.035)     «  $3,993 
X 

UCL  «    X  -  3   cr     s    $3.89  -  3($.035)     «  $3,783 
X 

The  X  (drnrt  derived  from  the  foreman's  estimated  probability  distri- 
bution is  shown  in  Figure  10.  Ihe  means  of  the  samples  taken  during 
December  were  then  plotted  on  this  chart. 

The  essential  difference  between  the  procedure  here  and  the 
one  presented  in  the  preceding  chapter  is  the  use  of  subjective  es- 
timates. Ihe  end  product  in  each  case  was  a  X  chart  for  the  blank- 
ing operation.  However,  in  Chapter  XV  the  chart  was  constructed  on 
the  basis  of  sample  information  obtained  during  November.  In  the 
subjective  approach,  the  X  chart  was  derived  from  the  foreman's  es- 
timate.   The  significance  of  this  procedure  to  foreman  acceptance  of 
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control  chjucts  will  be  aj^raised  follovdng  a  similar  a^qplication  to 
th«  welding  and  assembly  operations.  '      ,   .  ? 

Itslding  and  Assembly  Operations 

=  the  preceding  discussion,  »*ich  focused  on  the  blanking  •  ' 
operation,  was  somewhat  detailed  in  an  effort  to  clarify  the  dis> 
tinguishing  characteristics  of  the  approach.    In  this  section  the 
estimates  of  the  welding  department  foreman  appear  as  Table  14  and 
Figure  11.    The  X  chart  based  on  these  estimates  appears  in  Figure 
12.     The  same  information  with  respect  to  the  assealbly  operation  is 
presented  in  Table  17  and  Figures  13  and  14. 

Oomparison  of  X  Charts  Derived  from  Sample 
Data  and  Foremen's    Subjective  Estimates  • 

Xha  ability  of  the  X  charts  derived  from  sample  data  to  pre- 
dict the  variation  inherent  In  the  associated  operations  was  demon- 
strated in  Chapter  IV.     If  the  X  charts  based  on  the  subjective  es- 
timates are  to  be  useful  they  should  not  exhibit  significant  differ-  ^^v^ 
ences.    Accordingly,  the  two  control  charts  for  each  operation  were 
eoapared  on  both  practical  and  statistical  grounds.  '^^^^ 

The  two  X  charts  applicable  to  the  blanking  operation  appear 
in  Figure  15.     Both  charts  indicate  the  presence  of  assignable  causes 
in  connection  with  saaple  Ho.  9  and  No.  15*     The  reasons  for  theea 
variations  were,  in  fact,  isolated  at  the  time  the  samples  were 
taken.    In  addition,  the  control  chart  derived  fr<m  the  foreman's 
estimate  indicates  that  an  out -of -control  condition  exists  with 
respect  to  sample  No.  13;  yet  a  previous  investigation  of  the  point 
failed  to  explain  the  variation. 


Table  14 

Pofr«Ban*s  Bstlmata  of  th«  Probability 
Oistzibution  of  Chance  P«xforiiianc« 

Welding  Operation 

(Actual  Labor  Cost  per  Piece) 

Labor  Coet  Probability 


$2.20 

but 

less  than  $2.  25 

.02 

2.25 

N 

It 

It 

2.30 

.IS 

2.30 

n 

N 

It 

2.  35 

.20 

2.35 

It 

It 

It 

2.40 

.10 

2.40 

It 

It 

It 

2.45 

.IS 

2. 45 

•t 

It 

It 

2.50 

.25 

2.50 

»t 

It 

II 

2.  55 

.10 

2.  55 

M 

W 

H 

2.60 

.OS 

2.60 

n 

It 

It 

2.  65 

.01 

f4 


Qraphieal  Pr«s«ntatlon  of  Por«man*s  Bstinattfd 
Probability  Oiatxibution    of  Chance  Pttrforaancs 

Maiding  Oparation 


.23 


.20 


.15 


,10 


.OS 


^1 


Hi 


I    2.225    2.273    2.325    2.375    2.425    2.475    2.525    2.575  2.625 

Labor  Coat 


Figure  11 
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Table  15 

Computation  of  M«an  of  Bstiaated  Probability  Distribution 

of  Chance  Perfomance 

Welding  Operation 

 X   rttX\  X  '  Pr(Xl 

Nid-point  of  Interval         Probability  of  X 


$2.  225 

.02 

$0,044 

2,  275 

.15 

.341 

2. 325 

.20 

.465 

2.375 

.10 

.237 

2.  425 

.  15 

.363 

2.475 

.25 

.618 

2.  525 

.10 

.  252 

2.  575 

.02 

.052 

2.  625 

.01 

.026 

lotal  X  =  $2.39 


Tabic  16 

Computation  of  Standard  Deviation  of  Bstiaatcd 
Ptobability  Distribution  of  Chance  Perfonsanca 

Welding  Operation 


X 

f 

d 

fd 

Mid  -  point 

Interval  Deviation 
izen  Aseuned  Oriain 

*2  225 

-  6 

2.  275 

ii 

-30 

2.  325 

>20 

SS«  375 

2.425 

U 

IS 

2.475 

n 

i 

50 

2.  525 

t» 

i 

90 

2.  575 

t  - 

i 

t 

2.625 

-1 
52 

fldl 


fd 


«    $  .094 


X 


094 


$  .047 


Table  17 

Forenan*s  Bstlmata  of  the  Probability 
Distzibution  of  Chance  Performance 

Asseably  Operation 

(Actual  Labor  Coet  per  Piece) 

Labor  Co»t   Probability 


$2. 80 

but 

less  than  $2.85 

.01 

2.85 

H 

N 

N 

2.90 

.03 

2.90 

N 

It 

tt 

2. 95 

.10 

2.  95 

N 

II 

It 

3.00 

.M 

S.OO 

It 

It 

tt 

3.05 

.«S 

S.  05 

tt 

M 

It 

3.10 

.19 

3. 10 

It 

It 

It 

3.15 

.If 

S.  15 

It 

It 

N 

3.  20 

•M 

3.20 

•1 

It 

It 

3.25 

.it 

Graphical  Prtscntation  of  Fbr«man*s  Bstimated 
Probability  Distribution    of  Chance  Pexfomancs 

A«Mal»ly  Opttratioa 


.25 


.20 


.15 


.10 


,05 


I    2.825    2,875    2.925    2.975    3.025    3.075    3.125    3.175  3,225 

Labor  Cost 


Figure  13 
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Table  18 

Oaiputatioa  of  Mean  of  Betiaated  Probability  Uetribution 

of  CSiance  Psrfonaance 

Aeeeably  Operation 

 X   Ptm  X  ♦  Pr(X) 

Mid-point  of  Interval        Probability  of  X 


$2. 825 

.01 

$0.  028 

2. 875 

.03 

.086 

2.  925 

.10 

.292 

2. 975 

.20 

.595 

3. 025 

.25 

.  756 

3.075 

.20 

.615 

3. 125 

.15 

.468 

3. 175 

.OS 

.158 

3.225 

.01 

.032 

X  >  $3.03 
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CoBiputation  of  Standard  Davlation  of  Bstiaated 
Probability  Distribution  of  Chance  Psrforoianc* 

As8«itbly  Operation 


X 

f 

d 

fd 

Mid  -  point 
of  Interval 

Frequency 

Interval  Deviation 
froa  Assumed  Origin 

$2.82S 

-  4 

16 

14 

2. 875 

9 

-  9 

9 

sr 

2. 925 

10 

-20 

4 

49 

2. 975 

90 

-20 

1 

99 

S.025 

if 

• 

• 

0 

0 

1.075 

20 

1 

io 

I 

99 

3. 125 

IS 

i 

so 

4  ' 

69 

3, 175 

s 

ft 

IS 

9 

49 

3.  225 

4 

JL 
16 

16 

16 
244 

^=    i    ~\  LLIWL^    '      /  Y    m  $.078 


) 


cr« »       q~      •    $  .039 

X  ,  
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A  similar  comparison  is  made  in  Figure  16  for  the  welding 
operation.    Both  charts  isolate  samples  No.  2,  No.  9,  and  No.  2Si  the 
causes  of  which  have  been  previously  indicated.    Again,  however,  the 
foreman*8  chart  isolated  one  point  (No.  4)  for  which  an  earlier  in- 
vestigation  failed  to  identify  an  assignable  cause.    In  the  final 
ecMvarieon  (Figure  17),  both  charts  bij^ligjht  sample  No.  10. 

An  examination  of  figures  IS.  16,  and  17  reveals  that  in  each 
case  the  X  chart  based  on  the  foreman's  subjective  estimate  was 
tis^ter  in  the  sense  that  the  3-sispaia  limits  were  closer  to  the 
central  line.    Ihis,  of  course,  reflects  a  more  conservative  esti- 
mate of  the  standard  deviation  of  the  universe  of  individual  per- 
fbrmance.    As  shown  in  Table  20,  all  three  foremen  believed  the  dis- 
persion to  be  less  than  that  indicated  by  the  sample  data.  Conse- 
quently, when  these  charts  were  utilised  in  conjunction  with  Decem- 
ber operations  they  showed  two  more  points  out  of  control  than  was 
true  of  the  charts  derived  from  the  sample  data. 


Table  20 


Bstimates  of  the  Mean  and  Standard  Deviation  of 


the  Chance  Distribution  of  Individual  Performance 


Operation 


■  Estimated 
Parameter 


Foreman*  s 

Estimate 


Sample  Data 


Blanking 


Mean 

Standard  Dev. 


$3. 89 
.071 


Welding 


Mean 

Standard  Dev. 


$2.39 
.094 


$2. 42 
.105 


Assembly 


Mean 

Standard  Dev. 


$3,03 
.078 


$3.01 
.097 


105 


106 
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Statistical  Oomparison  of  Ptocedures  Employed 


The  difference  between  the  standard  deviation  coaputed  fros 
the  forenen's  estimate  and  the  estinate  of  fhm  standard  deviation  of 
the  universe  of  individual  performance  obtained  from  the  sample  data 
was  then  tested  for  each  operation  to  determine  if  these  differences 
were  statistically  significant.    The  question  was  raised  whether  the 
samples  could  have  been  drawn  from  the  foremen's  universe.    Ihe  test 
was  accomplished  by  using  the  T**  distribution  and  comparing  the 
ratio  of  the  computed  variances  (  0"^^,    CTg^  )  with  the  critical 
value  of  F. 

Ihe  distribution  of  P  is  different  for  each  combi- 
nation of  numbers  of  degrees  of  freedont  n^^  -  1  and 
n2  '  1.  In  this  sense  ...  there  is  really  a  family 
of  F-distributions;  and,  in  order  to  define  the  de- 
sired fluniber  of  this  family  of  F-distributions,  it 
is  necessary  to  specify  two  numbers,  the  two  values 
of  degrees  of  freedom....^ 

In  Chapter  IV,  random  samples  of  four  were  utilized  to  esti- 
mate the  standard  deviation  of  the  universe  of  individual  perform* 
anoe.    Thus,  the  value  of  n^^  -  1  *  3.    Because  each  foreman's  esti- 
mate was  considered  to  be  the  universe  of  individual  performance, 

*  ^  *  ^  •    At  the  .02  level  of  si^iificance  the  critical  value^ 
of  F  (3,  00  )  was  found  to  be  3.78.    For  the  individual  operations 
the  ratios  of  the  universe  variances  ware  as  follows t 


^Samuel  B.  Richmond,  Statistical  Analysis  (Wew  Yorkt  Ibm 
Ronald  Press,  1964),  p.  307. 


^Ibid. .  p.  580. 
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Blanking 


Maiding 


AsMMbly 


.071' 


.105' 


2 


.0942 

,078* 


.0061 
.0050 

.0110 
.0088 

.0094 
.0061 


1.22 


1.21 


•  1.54 


Because  the  critical  value  of  P  exceeded  each  of  the  con- 
puted  ratios,  the  hypothesis  that  the  universe  variance  (or  standard 
deviation)  has  the  value  specified  by  tfati  forenan's  estiaate  was  not 
rejected.     Ihe  sane  conclusion  was  reached  when  the  hypothesis  was 
tested  at  the  .10  level  of  significance,  where  the  critical  value* 
of  P  is  2.60. 

Ihe  fact  that  the  hypothesis  was  not  rejected  for  any  of  the 
operations  indicates  that  firoa  a  statistical  point  of  view  either 
nethod  of  constructing  X  charts  is  acceptable.    By  affiraing  that 
the  actual  saaples  could  have  ooae  froa  the  foreaan's  universe,  the 

test  deaonstrated  the  statistical  equivalence  of  the  two  ap- 
proaches employed  in  this  study.     Ihe  test  also  served  to  validate 
the  assumption  that  the  for«Bftn*s  estimate  was  the  universe  of  indi- 
vidual performance.    Finally,  these  statistical  conclusions  were 
supported  eapirically  trtien  the  X  charts  based  on  the  foremen's  esti- 
mates isolated  only  two  perforaance  values  for  tAiidb  assignable 
causes  could  not  be  found. 


^Ibid.  .  p.  MO. 
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Importance  of  Estimation  Procedure 

13ie  most  obvious  benefit  etening  txom  the  use  of  the  estl- 
■atiOB  procedure  was  the  Increased  support  of  the  probabilistic 
techniqiM  on  the  part  of  the  foremen.    This  support  appeared  to  be 
the  result  of  ti*o  related  factors t  participation  and  understanding* 
By  actively  participating  in  the  formulation  of  the  model,  the  fore- 
men developed  a  vested  interest  in  it.    This  interest,  in  turn,  was 
accompanied  by  a  fuller  understanding  of  the  technique  and  its  ob- 
jectives.   The  result  was  a  measurable  change  in  the  level  of  their 

Thm  importance  of  this  support  cannot  be  overemphasised  be- 
cause the  success  of  the  probabilistic  model  is  in  large  part  de- 
pendent tq>on  the  acceptance  accorded  it  by  lower  level  management, 
this  follows  from  the  fact  that  the  model  is  designed  to  facilitate 
control  at  the  operational  level.    Therefore,  to  be  effective  it 
must  be  endorsed  by  the  persons  directly  req>onsible  for  these 
operations  —  the  foremen.   ' 

One  of  the  findings  emanating  from  this  research  is  that 
operating  costs  cannot  be  controlled  singly  by  means  of  a  directive 
ixca  middle  management.     Thm  concept  of  a  probabilistic  cost  control 
model  was  readily  endorsed  by  adddle  management  at  the  beginning  of 
this  study.    However,  the  control  possibilities  were  not  realised 
until  the  men  directly  responsible  for  operating  costs  had  endorsed 
the  approach. 

The  fact  that  the  initial  X  charts  derived  frra  subjective 
estimates  lacked  some  of  the  predictive  power  demonstrated  by  the 
charts  based  on  sample  data  may  be  considered  a  necessary  cost  of 
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implementing  probabilistic  controls.    It  is  a  cost  because  some  raa- 
d(HB  performance  is  likely  to  be  investigated;  but  this  possibility 
was  also  present  when  using  sample  data.    Therefore,  the  cost  is 
minor  relative  to  the  benefits  derived.    Ibese  include  endorsement 
of  the  technique  at  an  early  stage  and  a  smooth  transition  to  the 
probabilistic  aiH>roach  through  tiie  conversion  of  subjective  esti- 
mates into  probability  control  limits.    Finally,  this  cost  is  minor 
because  it  is  short-lived.     Itegardless  of  how  the  control  limits  are 
initially  established  (sample  data  or  subjective  estimates),  they 
can  be  revised  as  additional  information  becomes  available. 


CHAPZBR  VI 

EVALUATION  OF  PROBABILISTIC  OONTROLS  BMPLOYBO 

Attenpts  to  make  probabilistic  controls  operational  for 
thr««  selected  operations  at  the  A.  O.  Snlth  Corporation  were  de- 
tailed in  Chapters  IV  and  V.     In  this  chapter  the  following  cri- 
teria are  utilised  as  a  means  of  evaluating  these  controls* 

1.  Ihe  control  system  provides  a  conceptiial 
basis  to  aid  in  distinguishing  between  sig- 
nificant and  insignificant  variations  in 
performance. 

2.  The  control  system  provides  a  basis  for  ap- 
praising reported  variations. 

3.  The  control  system  will  have  a  favorable 
impact  on  cost  control  procedure. 

Bach  of  these  criteria  is  applied  to  both  the  A.  O.  mith  Corpora 
tlon*s  traditional  standard  labor  cost  control  system  and  the  sys 
tern  of  probabilistic  controls. 


Ill 
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Conceptual  Basig 

As  shown  in  Table  1,^  the  A.  O.  Salth  Corporation's  labor 
cost  control  systn  in  existence  at  the  time  this  study  was  begun 
reports  every  departure  frcn  standard.    Prom  this  it  might  be  in- 
ferred that  all  such  variances  were  considered  significant  in  the 
sense  that  they  signal  the  need  for  consideration  and  investiga- 
tion.    The  fact  that  all  short-run  deviations  are  reported  is  cited 
by  Zannetos  as  presumptive  evidence  that  they  require  explanation.  ^ 
However,  as  was  pointed  out  in  Chapter  IX,  all  reported  variance* 
are  not,  as  a  matter  of  fact,  investigated,  idiich  indicates  that 
some  variations  are  considered  insignificant.     The  question  left  un- 
resolved is  the  manner  in  which  a  distinction  is  made  at  the  con- 
ceptual  level  between  significant  and  insignificant  variances. 

tn  the  probabilistic  model  utilised,  this  distinction  was 

made  by  virtue  of  the  explicit  recognition  of  the  role  of  chance  in 

performance.     It  is  generally  recognised  in  quality  control  that 

performance  varies  for  toexplainable  reaec^. 

This  chance  variation  is  the  sum  of  the  effects 
of  the  whole  craaplex  of  chance  causes.     In  this 
c(»plex  of  causes  the  effect  of  each  cause  is 
sli^t,  and  no  major  part  of  the  total  variation 
can  be  traced  to  a  single  cause. ^ 


See  p.  IS. 

■Z.  S.  Zannetos,  "Standard  Costs  as  a  First  Step  to  Proba- 
bilistic Control!  A  Theoretical  Justification,  an  Bxten- 
sion  and  Implications,**  The  Accounting  Review.  Vol.  XXXIX 
(April,   1964).  p.  297. 

'Ache son  J.  Duncan,  Quality  Control  and  Industrial  Statis- 
tics  (Homewood,  Illinoist  .'tichard  D.  Irwin,  Inc.,  1965), 
p.  337. 
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Because  of  chance,  variability  in  performance  is  considered 
inevitable.    Short  of  revising  a  process,  very  little  can  be  done  to 
eliminate  such  variation. 

When  the  concept  of  chance  was  introduced  in  the  probabilis- 
tic  model,  the  result  was  explicit  recognition  of  the  fact  that 
costs  will  exhibit  the  type  of  variation  observed  in  randc»  sampling 
from  a  stable  population.    In  other  words,  costs  are  subject  to 
forces  similar  to  those  which  cause  a  coin  to  turn  up  heads  or  tails 
when  flipped  in  a  random  manner.    As  a  result,  actual  costs  will  rarely 
be  equal  to  standard  costs.    Some  variances  are  to  be  expected.  The 
basic  reason  for  such  variation  is  that  '*Some  stable  'system  of 
chance  causes*  is  inherent  in  any  particular  scheme  of  production 
•  •  •«  » ■ 

It  is  the  realisation  that  variation  in  performance  as  well 
as  costs  is  Inevitable  which  provides  the  (»nceptiuil  basis  for  dis- 
tinguishing between  significant  and  Insignificant  cost  variances. 
Ihose  variances  caused  by  chance  factors  are  insignificant  because i 

Ihere  is  no  point  in  seeking  special  causes  for  in- 
dividual cases,  because  randcm  variations  are  be- 
yond management's  ability  to  regulate  or  eliminate.^ 

On  the  other  hand,  those  variances  which  fall  outside  the  limits  Axm 

to  chance  are  significant.    Assi(^ble  causes  for  such  variances  may 

be  identified  and  eliminated.    However,  this  conceptual  distinction 

Is  insufficient  as  a  guide  to  action.    A  variance  investigation 


Eugene  L.  Grant,  Statistical  Quality  Control  (New  Yorki 
McGraw-Hill  Book  Company,  Inc.,  1954),  p.  1. 

^Charles  T.  Horngren,  Cost  Accountingt  A  Managerial  Bmpha- 
sls  (Bnglewood  Cliffs,  N.  J. t  Prmntice-Hall  Inc..  1967). 
p.  80S. 
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deciaion  rule  nust  incorporate  criteria  which  serve  to  iq^raiee  the 
significance  of  reported  variations. 

Be^sis  for  Appraising  Reported  Variations 

•      TP  the  foremen  and  budget  analysts  at  the  A.  O.  Smith  Cor- 
poration a  significant  variance  is  one  which  requires  investigation. 
Because  the  role  of  chance  is  not  explicitly  recogqiised  in  the  tra- 
ditional standard  cost  system  employed,  they  rely  on  experience  and 
Judgment  when  deciding  whether  to  investigate  reported  variances. 
Horngren  indicates  that  this  approach  is  widespread!      ,  , 

Management  tends  to  use  judgment  in  deciding 
whether  or  not  a  variance  on  a  given  item  de-  .v  < 

serves  investigation  ....     Guesses  or  hunches  , 
are  fundamental  parts  of  managerial  behavior) 
:'    yet  these  subjective  methods  often  engender 
management  disagreements  and  barren  investiga- 
tions. ^ 

Daring  the  course  of  this  study,  it  became  dear  that  each 
foreman  relied  on  differing  subjective  criteria  when  making  the  in- 
vestigation decision.    One  foreman  first  directed  his  attention  to 
the  net  variance  computed  for  his  department.    If  this  figure  did 
not  appear  to  be  out  of  line  with  previously  reported  amounts,  the 
indiviAuil  variances  were  ignored.    TP  a  large  extent  this  approach 
explains  the  apparent  indifference  toward  reported  individual  vari- 
ances.   It  does,  however,  presuppose  the  formulation  of  criteria  to 
identify  an  "out -of -line'*  condition.    Still  other  foareaen  made  the 
investigation  decision  after  examining  individual  reported  vari- 
ances.   However,  they  did  not  agree  on  the  amount  of  acceptable  va- 
riation.   For  example,  one  of  these  foremen  considered  2  per  cent  of 

^Ibid. ,  p.  802. 
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standard  significant,  while  another  maintained  that  10  per  cent  was 
a  better  measure  of  significance. 

Vben  the  concept  of  chance  is  introduced,  as  was  done  In  the 
probabilistic  model,  a  significant  variance  is  defined  as  one  «4iich 
requires  investigation.     Its  significance,  however,  is  derived  from 
statistical  evidence  concerning  the  presence  of  assignable  causes. 
Similarly,  a  recognition  of  the  operation  of  chaunce  defines  insigni- 
ficant variances.     In  order  to  distinguish  between  variances  having 
assignable  causes  and  variances  which  are  random  in  nature,  it  is 
necessary  to  specify  the  limits  within  idiich  chance  is  operative. 
The  significance  of  a  reported  variation  in  performance  may  then  be 
evalviated  in  terras  of  its  probability  of  chance  occurrence.     In  this 
way  intuitive  measures  of  significance  are  replaced  by  objective 
criteria.     The  logic  underlying  this  use  of  probabilities  was  pre- 
sented previously  t 

Stated  succinctly,  chance  affects  some  variance 
classifications;  probability  statistics  eva- 
luates patterns  of  chance  occurrences;  there- 
fore, probability  statistics  is  useful  to  ana- 
lyze those  variances  affected  by  chance.'^ 

Although  the  probability  of  chance  occurrence  v.as  not  cal- 
culated for  each  variation  in  performance  observed  at  the  A.  O. 
Smith  Cbrporation,  this  information  could  have  been  readily  obtained 
frcxn  the  probability  distribution  of  chance  performance  identified 
in  connection  with  each  operation.     For  example,  in  this  study  the 
sample  data  obtained  from  the  blanking  operation  during  November  de- 
fined this  distribution  as  having  a  mean  of  $3.91  and  a  standard 


R.  W.  Koehler,  "The  Relevance  of  Probability  Statistics  to 
Accounting  Variance  Control,"  Management  Accounting.   Vbl,  L 
(October,  1968),  p.  37. 
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deviation  of  $.04.     If  it  is  aasuned  that  a  sample  value  of  $3.93 
was  subsequently  obtained,  the  probability  that  a  value  this  large 
or  larger  was  due  to  chance  alone  is  31  per  cent,     this  probability 
was  obtained  by  ctxaputing  the  number  of  standard  deviations  that 
$3.93  is  from  the  Bean,  $3.91.  m 

IfvEBber  of  standard     sample  value  -  mean  of  chance  distribution 
deviations  standard  deviation  of  chance  distribution 

^$3.93  -  $3.91    ,  .5 
$.04 

in  a  table  of  normal  probabilities  it  was  found  that  the  probability 
of  a  sample  value  being  .5  or  more  standard  deviations  to  the  right 
of  the  meaun  is  31  per  cent. 

With  this  analysis,  the  probability  that  any  saaiple  value 
was  caused  by  random  factors  may  be  computed.     The  investigation  de- 
cision laay  then  be  made  on  the  basis  of  the  ccoputed  probability. 

In  this  study,  however,  individual  probabilities  were  not 
computed  for  each  sample  value  because  these  probabilities  were  In- 
corporated in  the  control  limits,     vhen  the  control  limits  were 
placed  a  distance  of  3  standard  deviations  on  either  side  of  the 
mean,  99.73  per  cent  of  the  sample  means  were  included  in  this  in- 
terval.   Thus,  if  a  sample  value  fell  outside  ^e  control  limits, 
the  probability  that  it  was  due  to  chance  was  less  than  .0027  per 
cent.     Ihe  obvious  advantage  of  building  Individual  probabilities 
into  the  control  limits  is  that  it  minimized  the  amount  of  statis- 
tical orientation  required  for  factory  personnel. 

However,  the  utilisation  of  probabilities  in  the  formulation 
of  a  variance  investigation  decision  rule  introduced  the  possibility 
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•f  two  types  of  error.     The  firet  of  these  is  the  investigation  of 
randoa  perfomance  which  is  known  as  lype  I  error.    Because  3-si^ 
control  liaits  were  used  in  this  study,  the  probability  of  Type  I 
error  was  .0027.    This  is  based  on  the  assumption  that  the  sample 
means  were  normally  distributed.    The  selection  of  these  limits  was 
designed  to  minimize  the  possibility  of  investigating  chance  per- 
formance.   From  an  empirical  standpoint  this  objective  was  attained. 
Fbr  the  three  operations  an  investigation  of  each  sample  value  'mhich 
fell  outside  the  control  limits  resulted  in  the  identification  of  an 
assignable  cause. 

The  second  type  of  error  is  the  failure  to  investigate  as» 
•ismable  performance  (Type  II).     Ualike  Type  I  error,  the  probabi- 
lity of  Type  II  error  cannot  be  directly  evaluated  because  "a  Ts^pe 
II  error  is  unique  to  some  particular  alternative  non-chance  popula- 
tion with  a  specified  distribution  and  mean.       Thus,  there  is  a 
uniqtie  distribution  of  performance  values  associated  with  each  as- 
signable cause.    Bach  such  distribution,  in  turn,  has  a  separate 
probability  of  Type  II  error.    Thus,  in  order  to  determine  the  pro- 
bability of  a  Tjrpe  II  error,  it  is  necessary  to  identify  both  the 
assignable  cause  present  at  the  time  of  the  computation  and  the  dis- 
tribution associated  with  that  cause. 

Because  available  data  did  not  permit  the  estimation  of  the 
non-chance  dlstributi<ms,  the  susceptibility  of  3-sigma  control 
limits  to  Type  II  error  was  tested  empirically.    As  indicated  in 
CSiapter  IV, '  a  number  of  sample  values  which  approached  but  were 

^Ibid. ,  p.  40. 
'sm  pp.  79  and  81. 
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still  inside  the  3-si^i  control  limits  were  investigat«d  for  each 
operation.    The  objective  was  to  determine  if  an  assignable  cause 
could  be  found  for  a  sample  value  which  the  X  chart  indicated  wa* 
due  to  cJiance  (Type  II  error).    For  the  three  operations  described, 
only  one  such  sample  value  was  discovered.    Prom  th«  results  of  this 
study  it  would  appear,  therefore,  that  the  3-si^  control  limits  do 
strike  a  balance  between  the  two  types  of  error. 

. !  ( .  Favorable  Impact  on  Cost  Control  Procedure      >  ?  ^ 

\Jp  to  this  point  the  discussion  has  ei^hasixed  the  concep- 
tual basis  and  the  criteria  utilised  to  evaluate  the  significance  of 
individual  variations  in  performance.    However,  the  implications  for 
<»st  control  of  the  procedures  employed  also  merit  eonsideratioa. 

In  the  traditional  labor  cost  control  system  used  at  the 
A.  O.  &iith  Corporation,  the  weekly  labor  performance'*  report^^ 
shows  the  dollar  variance  as  a  percentage  of  standard  for  each 
operation-part  number  combination.     This  report,  irtiich  is  compiled 
every  Friday  for  the  preceding  week,  applies  to  performance  which 
took  place  anywhere  from  seven  to  eleven  days  earlier.    As  a  result, 
the  matter  of  timeliness  beccnes  important. 

Ideally,  variances  should  be  investigated  as  soon  after 
their  reporting  as  possible  in  order  to  minimise  the  period  of  cost 
disruption.    However,  reliance  upon  reports  prepared  periodically 
allows  variances  to  accumulate.     Because  of  this,  in  the  event  an 
investigation  is  subsequently  conducted,  the  likelihood  of  its  suc- 
cess is  lessened.    Bxperience  has  demonstrated  that  the  more  time 


'See  p.  IS. 
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which  elapses  between  the  occurrence  of  a  variance  and  its  investi- 
gatlim,  the  more  difficult  it  becomes  to  isolate  the  reason  for  the 
variance.     Even  if  a  diligent  search  should  uncover  the  cause,  the 
cost  of  the  investigation  is  likely  to  be  increased  because  of  the 
additional  time  spent  in  the  investigative  process.        .j;  ;  ...  .,<i 

The  weekly  "labor  performance"  report  also  indicates  that  a 
net  variance  is  computed  for  the  department  as  a  whole.    By  their 
own  adtaission,  some  foremen  direct  their  attention  to  this  composite 
figure.     This  would  tend  to  indicate  that  they  attempt  to  control 
costs  at  the  departmental  rather  than  at  the  i^exational  level,  .« 
Hoivever,  in  fact,  the  department  represents  a  grouping  of  operations, 
which  gives  rise  to  the  possibility  that  significant  favorable  and 
unfavorable  operatiorial  variances  will  be  offset  in  a  summarized  re- 
porting of  variances  by  departments.    Thus,  by  virtue  of  aggrega- 
tion,   opportunities  for  cost  reduction  may  be  overlooked. 

The  probabilistic  controls  utilised  in  this  study  relied  on 
random  sampling  of  specific  operations  during  the  productive  process 
to  Identify  the  presence  of  variances  having  assignable  causes.  In 
th9  event  such  a  condition  was  detected  by  the  daily  samples,  a 
search  for  the  cause  was  initiated  immediately.    This  procedure 
naximi2ed  the  likelihood  of  isolating  the  assignable  cause  and  mini- 
mised the  period  during  which  the  cause  was  operative,  thereby 
exerting  control  before  the  variances  accumulated.     In  addition,  the 
use  of  random  samples  presupposed  the  specification  of  the  probabi* 
lity  distribution  of  chance  performance  associated  with  each  opera- 
tion.   Prom  this  it  follows  that  control  was  exercised  at  the  opera- 
tional level. 
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Finally,  the  use  of  randwa  sampling  to  detect  the  presence 
of  assignable  causes  suggests  a  modification  of  the  reporting  proce- 
diure.     Ifader  the  existing  system,  all  variances  are  reported  without 
any  indication  of  their  significance.    With  the  use  of  random 
sampling  it  would  be  possible  to  report  all  sample  results  daily,  or 
for  a  lesser  period,  along  with  an  indication  of  their  probabilistic 
significance.    By  the  use  of  symbols  or  colors  the  various  levels  of 
management  could  be  informed  as  to  «rtiidh  performance  measures  ex- 
ceeded the  control  limits.    A  further  simplification  would  be  the 
reporting  of  only  out -of -control  tmpln  values.    In  this  way  the 
attention  and  effort  of  management  would  be  directed  to  the  investi- 
gation of  only  probabilistically  significant  variations  in  perform- 
ance. ^ 


CHAPIBR  VII  ^  ^     ,  ■ 

SIMM4RY  AND  00NCLU5I0N 

This  study  was  prompted  by  suggestions  aade  in  the  account- 
ing literature  that  probabilities  b«  utilised  in  cost  control.  In 
general,  the  reconnaendations  were  to  incorporate  probabilities  into 
the  standard  cost  system  in  order  to  formulate  a  decision  rule  to  be 
used  in  connecti<»ci  with  variance  analysis.    Ihe  function  of  the  de- 
cision rule  is  to  evaluate  performance  and  thereby  to  identify  those 
operations  «irrently  out  of  control.     In  this  way  the  traditional 
approach  to  cost  control,  iriiich  isolates  historical  discrepancies, 
could  be  replaced  by  a  mathematical  technique  which  has  the  advan- 
tage of  identifying  problem  areas  on  a  current  basis.  Consequently, 
the  attention  and  effort  of  management  would  be  directed  to  the  in- 
vestigation of  only  those  variations  in  performance  which  were  prob^ 
abilistically  significant,. 

,    In  spite  of  these  recoemendations,  very  few  references  to 
the  actual  utilization  of  j^obabilistic  controls  appear  in  the  ac- 
counting literature.    Acc<»dingly,  this  study  was  vmder taken  in  an 
effort  to  explore  the  feasibility  of  utilising  probabilistic  cost 
controls  in  a  manufacturing  firm,  specifically,  the  A,  O.  Smith  Cor- 
poration, Milwaukee,  Wisconsin.      -  ■ 

During  the  course  of  the  study,  four  probabilistic  control 
models  were  considered  for  possible  use.    Ihese  included! 
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1.  The  control  chart  for  sample  mean*  (X  chart) 
developed  in  the  area  of  qtiality  control. 

2.  The  Controlled  Cost  model  developed  by  Luh. 

3.  The  Bierauun,  PouralMir,  and  Jaedicke  model. 

4.  The  modern  decision  theory  model  a«  presented 
by  Onsi. 

After  carefully  examining  each  model  and  the  data  available 
at  the  A.  O.  Smith  Corporation,  the  writer  selected  the  control 
doAXt  for  sample  means  for  use  in  experimentation.    At  the  heart  of 
this  selection  was  the  conviction  that  the  control  chart  approadi  is 
the  logical  starting  point  in  an  attempt  to  utilise  probabilistic 
controls.     Available  data  did  not  permit  the  estimation  of  variables 
called  for  in  the  other  models.    Management  personnel  were  equally 
unable  to  quantify  these  variables.    The  only  remaining  possibility 
was  to  make  a  number  of  sinqslifying  assiinptions.    However,  it 
quickly  became  apparent  that  the  utility  of  the  models  would  be  im« 
paired  by  the  ensuing  estimates.     In  tite  case  of  the  X  charts,  how- 
ever, the  necessary  data  could  be  obtained.     In  additicm,  the  poten- 
tial for  widespread  application  of  this  technique  was  recognised 
along  with  the  possibility  of  using  the  control  chart  as  an  evolu- 
tionary vehicle. 

In  order  to  implement  thi;^  probabilistic  control  model,  , 
three  manufacturing  operations  were  selected}  blanking,  welding,  and 
assembly.    During  November,  1968,  25  random  samples  of  labor  cost 
mum  taken  from  each  of  the  operations.    This  sample  infbrmatlon  ms 
then  used  to  construct  the  X  charts.    The  purpose  of  the  chaurts  was 
to  distinguish  between  random  and  assignable  performance.  To 
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accomplish  thi«  objective  the  control  limits  were  placed  so  as  to 
Include  99.73  per  cent  of  all  random  performance  measures.  Under- 
lying this  percentage  is  the  assumption  that  the  sample  means  were 
iK>rmally  distributed.    As  a  result,  any  sample  value  falling  outside 
the  control  limits  was  considered  to  be  an  indication  of  the  pre- 
sence of  assignable  causes.  .  •     i,     .      -  >  

The  predictive  ability  of  the  resulting  X  chart*  «»•  subse- 
quently tested  during  December,  1968.    A  number  of  additional  randoa 
samples  of  labor  cost  were  taken  in  this  period,  and  the  mean  of 
eatdi  of  these  samples  was  plotted  on  the  X  chart.    A  search  for  as- 
signable causes  was  initiated  immediately  in  connection  with  those  . 
sample  means  which  fell  outside  the  previously  established  control 
limits.    Xn  all,  six  such  sample  values  were  investigated,  and  an 
assignable  cause  was  isolated  in  each  case.    Ihus,  no  Type  I  error 
had  been  made. 

Consideration  was  also  given  to  the  possibility  that  the  X 
charts  had  failed  to  identify  other  assignable  performance,  that  is, 
the  question  of  Type  II  error  was  raised.     To  evaluate  this  possibi- 
lity empirically,  several  of  the  more  extreme  sample  values  which 
the  X  chart  attributed  to  chance  were  investigated.    Of  the  six  such 
investigaticms  undertaken,  only  one  resulted  in  the  identification 
of  an  assignable  cause. 

Despite  the  apparent  ability  of  the  X  charts  to  distinguieh 
between  randosi  and  assignable  performance,  the  foremen  at  the  A.  O. 
Smith  Corporation  did  not  readily  endorse  the  probabilistic  tech- 
nique.   Their  sti^pport  was  considered  essential  because  the  X  charts 
were  intended  to  facilitate  cost  control  at  the  operational  level. 
In  an  effort  to  overcome  this  reluctance  to  rely  upon  the  output  of 
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the  model,  a  different  approach  to  the  construction  of  X  charts  wae 
introduced  by  the  writer.     Instead  of  using  November  sample  informa- 
tion to  construct  the  charts,  subjective  estimates  of  the  foremen 
were  utilised.    In  eadi  case  the  end  product  was  a  X  chart,  but  the 
uee  of  subjective  estimates  directly  involved  the  formen  in  their 
construction.    By  facilitating  the  transition  from  personal  beliefs 
to  probabilistic  models,  this  involvement  stimulated  the  interest  of 
the  foremen  in  probabilistic  controls.    Th9  result  was  a  marked  in- 
crease in  the  level  of  support  accorded  the  X  charts  by  the  foremen. 
Itien  the  differences  between  the  X  aiarts  derived  from  sample  data 
and  those  derived  from  subjective  estimates  were  tested,  these  dif- 
ferences were  not  found  to  be  statistically  significant. 

Ihus,  the  results  of  this  limited  study  indicate  the  feasi- 
bility of  utilising  probabilities  for  labor  cost  control  in  the 
standard  cost  system  of  a  manufacturing  firm.    In  addition,  the 
following  conclusions  emerget 

1.     By  incorporating  the  concept  of  chance,  the  con- 
trol system  provides  a  conceptual  basis  to  aid 
in  distinguishing  between  significant  and  insig* 
nlf leant  variations  in  performance. 

3*    Through  the  probability  of  chance  occurrence,  the 
control  system  provides  a  basis  for  ai^raislng 
reported  variations.  -  ' 

3.    Ihe  control  system  will  have  a  favorable  impact 
on  cost  control  procedure.     Random  sampling 
diiring  the  productive  process  facilitates  the 
identificatian  of  tlw  presence  of  assignable 
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causes  on  a  current  basis.     In  addition,  the 
X  chart  operates  «m  a  cost  control  vehicle  at 
the  operational  level,  thereby  eliminating 
the  problem  of  aggregation  associated  with  a 
summarized  reporting  of  variances  by  depart- 

4,  3-sicpia  control  limits  appear  to  strike  a  sa* 
tisf actor y  balance  between  Type  I  and  Type  II 
errors.  ^- :  . 

5.  Both  sample  data  and  subjective  estimates  may 
be  utilised  in  the  construction  of  X  charts. 
However,  in  this  study  the  use  of  subjective 
estimates  promoted  the  understanding  and  ac- 
ceptance of  the  probabilistic  technique  by 
the  foremen  and  facilitated  the  transition 
from  traditional  to  probabilistic  controls. 
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